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A CMJTWN', 

WHEREAS  Mr.  MuRR,^Y,  Bookseller, 

in  ^ leet-street,  is  now  imposing  upon  the  Public  a 
spurious  .Edition  of  a Work,  entitied"  the  SCHOOL  of 
.ARTS,  or  nn  IntroduSion  tp  Useful  Knowledge  (the  origi- 
iinl  ot  which  was  written  by  me)  1 think  proper  to  give 
them  thii  !»ormation.  that  Mr, .Murray  has  printed  and  is 
puWisHii^the  Work  without  my  authority,  for  which  I am 
endeavottj-ingtoobt  imleital  redress,  trusting  that  a generous 
Public.WtJl  not  encourage  Mr.  Murray  in  his  wicked  at- 
tempts to  violate  the  property  of  an  injured  individual. 

JOHN  IMISON. 

Theonly  trueEditidn  of  the  above  Work,  is  to  be  had  of 
the  Author,  No.  Hay-market;  James  Ridgway,  opposite 
Sackville-street,  Piccadilly;  Elliot,  Kay  and  Co.  N^ 

c '’■’’d i-  Lowndes,  Fleet-street ; and  William  NIcoll, 
St.  Paul’s  Church-yard. 

Aiffmn  has  been  sometime  since  brought  against 
Mr.  Murray  for  his  publisliing  the  School  of  Arts — a work 
my  sole  property ; and  as  a Court  of  Justice  will  soon  de- 
termine upon  the  merits  of  the  Case  between  Mr.  Murray 
and  ME— prior  to  its  decision,  I thought  it  would  be  im- 
°*^5cure  individual  like  myself,  to  trouble 
the  Public  with  his  private  transaffions  or  opinions. 

Jn  reply  to  Mr.  Murray's  letter  in  the  News-papers  of  the 
dth  Inst.  I.shall  therefore  this  once  only  just  observe,  that  I 
published  this  Work  first  in  1785,  which  Edition  was  all 
sclQ  in  eleven  months — that,  in  consequence  of  Mr.  Mur- 
ray s proposals  to  rne,  ,I  did  agree  to  publish  another  edition, 
hut  by  the  time  the  ninth  number  wis  out,  Mr.  Murray 
riiscovered.tlie  rapidity  with  which  the  Rook  sold,  and  the 
^erce  to  w.iich  I was  distressed ; in  consequence  of 
vhic.i,  by  an  artful  attempt,  /'e' enaeavoured  to  possess 
himself  o,  the  Copy-right,  Copper-plates,  and  Letter-press  ; 
but  not  succeeding,  he  tlireatened  that  unless  I would  dell- 
would  stop  the  publication. 

Mr.  Murray  finding  this  menace  as  inefreflual  as  his  arti- 
ncfc,  and  that  regardless  of  a man  who  could  attempt  to  vio- 
another,  I was  going  on  with  the 
publication.  He  to  my  utter  astonishment  copied  the  plates, 
-nd  printed  the  remainder  to  complete  such  copies  as  I had 

kno^HeHol^  and  without  my  permission  or 

knowledge,  published  the  work  complete, 

Ihereinake  no  boast  of  the  respedlability  of  my  witnes- 
ses,  but  these  fads  I shall  authentfeate  before  a Court 
where  we^  hope  I have  of  redress  can  arrive  solely  from  the 
^^^nsibihty  of  the  charadeis  who  are  brought  to  prove 

As  I am  by  profession  a mechanic  only,  I mean  to  enter  on 

'^nrray,  but  rest  satis- 
fied, that  ID  malting  these  asser  tions  good,  I shall  suffer  as  lit- 
property  from  the  decision  of  a Court  of  Justice,  as 

' discerning  Public,  from  a 

^ letter  replete  with  untruths. 

JOHN  IMISON. 

Aho,  by  thesame  Author,  this  Morninj^  is  published,  price 
7s.  od.  With  a box  of  instruments, 

A COMPENDIUM  OF  ARITHJ^ETIC. 

■ Rnfliments  of  that  noble  art  are  made  easy  to 
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IN  SEVERAL  PLEASING 

BRANCHES  of  SCIENCE, 
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T O 


Samuel  More,  Efq. 

Secretary  to  the  Society  infti- 
tuted  at  London,  for  the 
Encouragement  of  Arts, 
Manufactures,  and  Com- 
merce. 

SIR, 

TT  is  with  propriety  that  the  fol- 
lowing pages  are  infcribed  to 
you.  A treatife  upon  the  arts 
fhoulcl  have  a patron  who  under- 
hands the  fubject.  No  perfon  will 
deny  tliat  you  are  competent  to 
judge  upon  this  point.  And  al- 
though I acknowledge  my  diffi- 
dence, when  I think  that  my  work 

a 2 . is 


iv  DEDICATION. 


is  to  be  fubmitted  to  a perfon  of 
your  fkill  and  difcernment,  yet  I 
own  that  I am  in  fome  degree  flat- 
tered that  my  performance  is  not 
wholly  deftitute  of  merit  lince  you 
are  kind  enough  to  accept  what  I 
now  prefent. 

It  is  with  pleafure  alfo  that  I take 
this  opportunity  of  publicly  ac- 
knowledging the  obligations  I lie 
under  to  your  friendfhip  and  good 
offices  in  many  inftances,  and  that 
I am,  with  gratitude  and  efteem, 

S I R, 

Your  obedient, 

And  very  humble  fervant, 

/T  ' 

JOHN  IMISOR 
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JT/'HEN  I JirJl  compiled  the  following  fleets^ 
they  were  not  intended  for  the  prefsy  but  for 


my  private  amufementy  hecaufe  they  contained  the 
principal  matters  of  what  I had  either  ready  feen 
or  experienced ; or  indeed  what  accorded  to  my  in- 
clination upon  theje  Juhjebls : I laboured  daily  to 
increafe  my  little  forCy  and  having  an  extenfve 
apparatuSy  1 carefully  proved  fvery  experimenty 
before  I gave  it  a place  in  Ifny  repoftory : I 
have  alfo  tried  a variety  of  other  experiments  from 
Smith,  Barrow,  Salmon,  &c.  &c.  without  the 
defirei  faccefsy  which  was  one  principal  moti'ite  for 
the  prefent  publicationy  as  it  is  my  wfh  that  my 
labours  may  prove  ujeful  to  thofe  whofe  ingenuity 
may  lead  them  to  praHife  and  improve  upon  my 
experience,  I have  given  without  reJervCy  the  befi 
defcriptions  I could  colleEl  of  every  thing  J have 
treated.  And  I can  affirm  that  every  page  in  the 
book  contains  matter  of  real  value  when  appi’ied  to 
pradice.  Numerous  arc  the  authors  who  have 
written  upon  the  mifcellaneous  part  of  theJcJubjeBsy 

but 
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lut  few  of  them  have  proved  by  aBiial  experiment 
what  they  have  oferied ; and  indeed  this  is  not  to 
he  wondered  aty  when  it  is  knoiim  that  experiments 
are  attended  with  much  expence.  And  although  I 
have  ufed  my  hejl  endeavours,  yet  I will  not  alJert 
but  that  better  methods  in  jeveral  things  may  be 
dij covered  : ncvcrthelefs  the  reader  may  rely  that 
the  JaBs  I have,  advanced  will  bear  the  tef  of  any 
cnepuiry. 

The  particular  branches  of  fcience  which  I have 
endeavoured  to  explain,  are  thofe  of  the  Mechanical 
•powers,  EleBricity,  Pneumatics,  Hydrojlatics  and 
Hydraulics,  Optics,  and  AJlronomy ; a treatife  on 
Clock-making,  the  nature,  ufe,  and  conJlruBion  of  the 
Barometer,  and  the  confruBiofl  of  optical  and  many 
phihfophical  Injlruments  ; all  which  I fatter  myfef, 
the  fudents  will  find  to  he  exaB,  whether  they  arc 
confidted  with  a view  to  theory  or  praBice. 

A knowledge  of  the  me.cha,nic  powers  is  now  become 
a part  of  polite  education,  and  their  utility  is  mani- 
ffed  by  daily  experience ; therefore  fuch  defini- 
tions, pofulates,  and  axioms  are  premifed  as  were 
thought  necejjary  to  form  a right  conception  of  the 
principles,  fo  as  to  form  ajuf  idea  of  their  applica- 
• tion  im  any  particular  occafion;  and  as  my'reafoning 
on  thefe  fuhjeBs  has  been  general,  fo  no  regard  has 
■ keen  paid  to  the.  xveight  of  the  beam  or  lever ; it  be- 

ing 
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tag  well  known  that  thcfe  miijl  be  eqiiipoifei  before 
Juch  theorems  can  be  applied. 

So  many  books  have  been  written  upon  the  fuSjeB  of 
the  arts  and  fciences  that  any  perfon  would  imagine 
that  more  would  he  fuperfuous.  Books  however^ 
which  have  been  written  by  authors  of  credit  are  very 
expenfve  and  very  voluminous^  and  it  would  take  too 
much  time  to  read  over ^ and  attain  a thorough  know- 
ledge of  the  doctrine  they  contain.  In  the  prefent per^ 
formance  every  thing  is  rendered  familiar  to  the 
meanef  capacity  ; and  with  a little  praBice  and  per- 
feverance^  the  mof  illiterate  artizan  cannot  fail  of 
making  a confiderable  progrefs  in  almofi  every  art 
and  fcience  it  treats  of;  bcfides  every  artificer  cannot 
furnifh  himfelf  eafiily  with  the  befit  authors  upon  all  the 
fubjeBs  contained  in  this  work  ; the  expence  of  which, 
and  wajle  of  time  would  be  too  'confiderable.  I have 
inferted  not  only  known  ufeful  rules  upon  the  fubjeBs  I 
have  noticed,  but  a great  many  others  that  are  entirely 
new,  and  of  very  great  ufe,  both  in  theory  and  praBice 
to  the  working  mechanic. 

1 pretend  not  to  communicate  my  ideas  with  the 
embellifhments  of  elegant  language  ; my  employment 
as  a mechanic,  pleading  an  excuje  for  errors  or  inac- 
curacies in  this  refpeB  ; but  I have  endeavoured  to  he 
plain,  exaB  and  intelligible,  and  my  meaning  will  not 

be 
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be  mifunderjlood  by  ihofc  who  pay  compeUnt  attention 
to  my  book. 

In  the  Mifcellaneoiii  part  of  this  performance  many 
fecrets  are  difcovered  that  are  worthy  of  attention,  a 
great  number  of  which  were  never  before  publified. 
Some  apology  may  be  thought  necefjary  for  divulging 
them ; but  as  I obtained  my  knowledge  chiefly  by  my 
own  induf  ry  and  unwearied  application,  I have  a 
right  to  communicate  it  for  the  benefit  of  young  expe- 
rimenters, till  they  can  procure  better  ajffance,  or  be 
enabled  to  frikc  out  better  methods  of  improvement  by 
their  own  experience.  At  a future  period,  I intend 
to  publifi  another  volume  as  an  appendix  to  this, 
wherein  I fiall  lay  down  every  calculation  in  diferent 
mill-works,  water -works,Jleam-engincs,  i3c.  together 
with  a variety  of  ufefid  rules  for  the  working  me- 
chanic, to  which  I Jhall  alfo  add  Jundry  Mifcellaneous 
Articles. 

The  mojl  valuable  improvements  in  arts  and 
fciences  which  have  appeared  of  late  years  are,  i ft, 

Meffrs.  Watts  and  Bolton’s  feam  engine,  a brief 
defcripiion  of  which  I have  given  in  the  following 
treatife.  2d.  Rev.  Mr.  Cooke’s  drill  plough* ; 
and  although  1 have  not  admitted  an  account  oj  it 

* See  defeription  in  his  Drill  Hufoandry  pcrfcflcd,  price  is. 
publifliei  by  Mr.  Murray  ; alfo  Young’s  Memoir’s  of  Agri- 
culture, <S<:c. 

in 
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in  this  trcatijc^yd  I cannot  help  ohferving  concerning 
it,  that  it  is  an  ajfcmblage  of  the  mechanic  potoers 
fimply  difpofed  to  great  advantage,  fo  as  to  affifi  that 
important  defign  of  the  inventor — the  improvement 
of  agriculture — in  the  hefi  manner  yet  attempted. 
Q,d.  A telefcope  which  \s  themof  noble  infrununtof 
the  kind  ever  confrucled,  and  which  difplays  Dr. 
Herfchell’s  optical  and  afronomical  abilities  beyond 
all  of  his  cotemporaries. 

Before  I conclude  1 7nuf 'acknowledge  my  obligatmis 
to  Mr.  James  Wood,  oppofite  the  Sunday  Toll  Bar, 
Kent  Street  Road,  Southwark,  late  ColleHor  for  the 
London  Bridge  Water  Works;  whofe  extenfve  know- 
ledge both  in  theory  and  prablice  of  every  fcience  is 
greater  than  is  generally  to  be  met  with  united  in  one 
perfon;  and  to  him  I would  recommend  thofe  gentle- 
men, who  are  in  want  of  curious  models  in  every 
branch  of  experimental  philofophy. 
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M E C H A N I C S. 


DEFINITIONS. 


I.  A /TEC  HAN  ICS,  is  a fcicnce,  which  treat.s  of  the 
force.s,  motions,  velocities,  and  in  general,  of  the 
ailions  of  bodies  upon  one  another  ; it  teaches  how  to  move 
anv  given  weight  with  any  given  power;  how  to  contrive 
engines  to  ralle  great  weights,  or  to  pcriorm  any  kind  of 
motion, 

2.  Body,  is  the  inafs  or  quantity  of  matter;  an  claflic 
body  is  that  which  yields  to  a ftroke,  and  recovers  its  figure 
again  ; otherwife,  it  is  called  an  unelaltic  body. 

3.  Denfity,  is  the  proportion  of  the  quantity  of  matter 
in  any  body,  to  the  quantity  ot  matter  in  another  body  oi 
the  fame  diitienlions. 

4.  Force,  is  a power  exerted  on  a body  to  TTpovc  it ; if  it 
a£l  inllantaneoufly,  it  is  calleil  percuflion,  or  impulfe;  ifi 
conlUntlv,  it  is  an  accelerative  force. 

Velocity,  is  a property  of  motion,  by  which  a body 
pa'Jes  over  a certain  fpacc  in  a ccrt.dn  time  ; and  is  greater 
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or 
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or  lefs,  as  it  paflTes  over  a greater  or  lefs  fpace  in  a certain 
time,  fuppofe  a fecond. 

6.  Motion,  is  a continual  and  fuccefTive  change  of  place 
if  the  body  moves  equally,  it  is  called  equable  or  uniform 
motion  ; if  it  increales  or  decreafes,  it  is  called  accelerated 
or  retarded  motion  ; when  it  is  compared  with  a body 
at  reft,  it  is  called  abfolute  motion  ; but  when  compared 
with  a body  in  motion,  it  is  called  relative  motion. 

7.  Dire£lion  of  motion,  is  the  courfe  or  way  the  body 
tends,  or  the  line  it  moves  in. 

8.  Quantity  of  motion,  is  the  motion  a body  has,  con- 
fideredboth  in  regard  to  its  velocity  and  quantity  of  matter  5, 
this  is  called  the  momentum  of  a body. 

9.  Vis  inertias,  is  the  innate  force  of  matter,  by  which 
it  refifts  any  change,  ftriving  to  preferve  its  prefent  ftate  of 
reft  or  motion. 

TO.  Gravity,  is  that  force  wherewith  a body  endeavours 
to  fall  downwards ; it  is  called  abfolute  gravity  in  empty 
fpace ; and  relative  gravity  when  jmmerfed  in  a fluid. 

1 1 . Specific  gravity,  is  the  greater  or  lefs  weight  of  bo- 
dies of  the  fame  magnitude,  or  the  proportion  bctvveen  their 
weights.  This  proceeds  from  the  natural  denfity  of  bodies. 

12.  Center  of  gravity,  is  a certain  point  of  a body; 
upon  which  the  body,  tvhen  fufpended,  will  reft  in  any 
pofltion. 


?3.  Center 
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T3.  Center  of  motion,  is  a fixed  round  about  which  a 
body  moves  ; and  the  axis  of  motion  is  a fixed  line  it  moves 
about. 

14.  Powder  and  w^eight,  when  oppofed  to  one  another, 
fignify  the  body'  that  moves  another,  and  the  other  which 
is  moved  ; the  body  which  begins  and  communicates  mo- 
tion is  the  powder  ^ and  that  which  receives  the  motion,  is 
the  w^eight. 

1 5'.  Equilibrium,  is  the  balance  of  two  or  more  forces,  fo 
as  to  remain  at  reflr. 

16.  Machine  or  engine,  is  any  inftrument  to  move  bo- 
dies, made  of  levers,  wheels,  pullies,  &c. 

« 

17.  Mechanic  powers,  are  the  lever,  wheel,  pully,  fcrcw, 
wedge,  and  the  inclined  plane; 

18.  Strefs,  is  the  effedl:  any  force  has  to  break  abeam, 
or  any  other  body  ; and  the  flrength  is  the  refiftance  it  is 
able  to  makeagainfl  any  draining  force. 

19.  Fridlion,  is  the  refiftance  which  a machine  fufFers, 
by  the  parts  rubbing  againft  one  another. 


POSTULATA. 

t.  That  afmall  part  of  the  furface  of  the  earth  maybe 
looked  upon  as  a plane  ; for  though  the  earth  be  round,  yet 
fuch  a fmall  part  of  it  as  we  have  any  occafion  to  confider, 
does  not  fenfibly  differ  from  a plane. 

132 


2.  That 


4- 
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2.  That  hfavy  bodies  deficnd  in  lines  parallel  to  one 
aiKHher  ; for  though  they  all  tend  to  a point,  which  is  the 
cejiter  of  the  earth,  \et  that  center  is  at  fur  ha  ddtance, 
that  thele  lines  diifer  infenlibly  from  parallel  lines. 

I he  falTie  hotly  is  of  the  fame  weight  in  all  places  on 
or  near  the  earth’s  lurface  ; for  the  ditference  is  not  fenfiblc 
in  the  leveral  places  we  can  go  to. 

4.  1 hough  all  matter  is  rough,  and  all  engines  imper- 
fed  ; yet,  for  the  eaie  of  calculation,  we  mult  fuppofe  all 
planes  perfeilly  even  ; all  bodies  perfedlly  fmooth ; and  all 
bodies  and  machines  to  move  without  fridliori  or  refillance  ; 
all  lines  Itreightand  intlexible^  without  weight  olthicknefs, 
cords  extremely  pliable,  and  lo  on. 

'■  AXIOMS. 

I-  Everybody  endeavours  to  remain  in  Its  prefent  ftatc, 
•whether  it  be  at  reft,  or  moving  uniformly  in  a right  line. 

2.  The  alteration  of  motion  by  any  external  force  is  al- 
ways proportionable  to  that  force,  and  in  diredlion  of  the 
right  line  in  which  the  force  adts. 


3.  Adlion  and  re-adlion,  between  any  two  bodies,  are 
equal  and  contrary. 

4.  The  motion  of  any  body  is  made  up  of  the  fum  of 
the  motions  of  all  the  parts. 

5.  'Ehe  weights  of  all  bodies  in  the  fame  place,  are 

proportional 
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proportional  to  the  quantities  of  matter  they  contain,  with- 
out any  regard  to  their  figure. 

6.  The  vis  inertiae  of  any  body,  is  proportional  to  the 
quantity  of  matter. 

7.  Every  body  will  defeend  to  the  lo well  place  it  can  get 

to. 

8.  Whatever  fufiains  a heavy  body,  bears  all  the  weight 
of  iti 

9.  Two  equal  forces  acting  againft  one  another  in  con- 
trary direftions,  deftroy  one  anothers  eftedl ; and  unequal 
forces  a£l  only  with  the  difference  of  them. 

10.  When  a body  is  kept  in  equilibrium;  the  contrary 
forces  in  any  line  of  dlredion  are  equal. 

11.  If  a certain  force  generate  any  motion;  an  equal 
force  acting  in  a contrary  dire£tion,  will  deftroy  as  much 
motion  in  the  lame  time. 

12.  If  a body  be  acted  on  by  any  power  in  a given  di- 
rection ; it  is  all  one  in  what  point  of  that  line  of  diredion 
the  power  is  applied. 

13.  If  a body  is  drawn  by  a rope,  all  the  parts  of  the 
rope  are  equally  llretchcd ; and  the  force  in  any  part  ads  in 
diredion  of  tliat  part ; and  it  is  the  fame  thing  whether  the 
rope  is  drawn  out  at  length,  or  goes  over  fevcral  pullies, 

14.  ll 
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14.  If  feveral  forces  at  one  end  of  a lever,  a£I  againfl 
% 

feveral  forces  at  the  other  end  ; the  lever  a£ls,  and  is  aded 
on,  in  direction  of  its  length. 


% * 

Of  the  Alechanical  Poivers. 


The  foun- 
dation of  all 
mechanics. 


NO  W,  if  we  confider  bodies  in  motion,  and  compare 
them  together,  we  may  do  this  either  with  refpedi  to 
the  quantities  of  matter  they  contain,  or  the  velocities  with 
which  they  are  moved.  For  the  heavier  any  body  is,  the 
greater  is  the  power  required  either  to  move  or  flop  its  mo- 
tion : and  again,  the  fwifter  it  moves,  the  greater  is  its 
force.  So  that  the  whole  force  of  a moving  body  is  the  re- 
fult  of  its  quantity  of  matter  multiplied  by  the  Velocity  with 
which  it  is  moved.  And  when  the  product  arifmg  from  the 
multiplication  of  the  particular  quantities  of  matter  in  any 
two  bodies,  by  their  refpeilive  velocities,  are  equal,  the 
entire  forces  are  fo  too.  Thus,  fuppofe  a body,  which  we 
call  A,  to  weigh  40  pounds,  and  to  move  at  the  rate  of  two 
miles  in  a minute ; and  another  body,  which  we  call  B> 
to  weigh  only  4 pounds,  and  to  move  20  miles  in  a minute ; 
the  entire  forces  with  which  thefe  two  bodies  would  flrike 
againfl  any  obflacle  would  be  equal  to  each  other,  and 
therefore  it  would  require  equal  pow'ers  to  flop  them..  For 
40  multiplied  by  2 gives  80,  the  force  of  the  body  A : and 
20  multiplied  by  4 gives  80,  the  force  of  the  body  B.  Upon 
this  eafy  principle  depends  the  w'hole  of  mechanics  : and  it 
holds  univerfally  true,  that  wFen  two  bodies  are  fufpended 
on  any  machine,  fo  as  to  adl  contrary  to  each  other ; if  the 

machine 
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machine  be  put  into  motion,  and  the  perpendicular  afccnt 
of  one  body  multiplied  into  its  weight,  be  equal  to  the 
perpendicular  defcent  of  the  other  body  multiplied  into  its 
weight,  thofe  bodies,  how  unequal  foever  in  tlieir  weights,  - 
will  balance  one  another  in  all  fituations  : for,  as  the  whole 
afcent  of  one  is  performed  in  the  fame  time  with  the  whole 
defcent  of  the  other,  their  refpe£live  velocities  muft  be  di- 
re£lly  as  the  fpaces  they  move  through  ; and  the  excefs  of 
weight  in  one  body  is  compenfated  by  the  excefs  of  velocity 
in  the  other.  Upon  this  principle,  it  is  eafy  to  compute  the  how  to 
power  of  any  mechanical  eneine,  whether  fimple  or  com- 

* y • o 1 power  oi  any 

pound  ; for  it  is  but  only  finding  how  much  fwifter  the  mechauicai 

I 1 • , I • , . ^ , engine, 

power  moves  than  the  weight  does  (i.  e.  how  much  farther 
in  the  fame  time)  and  juft  fo  much  is  power  increafed  by 
the  help  of  the  engine. 

In  the  theory  of  this  fcience  v/e  fuppofe  all  planes  per- 
fectly even,  all  bodies  perfedlly  fmooth,  levers  to  have  no 
weight,  cords  to  be  extremely  pliable,  machines  to  have  no 
fridlion  ; and,  in  ftiort,  all  imperfedtions  muft  be  fet  afide 
until  the  theory  be  eftablifhedj  and  then,  proper  allow'ances 
are  to  be  made. 

The  fimple  machines,  ufually  called  mechanical  powers.  The  merha- 
are  fix  in  number,  viz.  the  lever,  the  wheel  and  axle,  the 
pully,  the  inclined  plane,  the  wedge,  and  the  fcrew  ; they 
are  called  mechanical  powers,  becaufe  they  help  us  me- 
chanically to  raife  weights,  move  heavy  bodies,  and  over- 
come refiftances,  which  W'e  could  not  effect  without  them. 

I-  A lever  is  a bar  of  iron  or  wmod,  one  part  of  W'hicli  of ihc lever, 
being  fupported  by  a prop,  all  the  other  parts  turn  upon  that 
prop  as  their  center  of  motion  : and  the  velocity  of  every 

part 
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part  or  point  is  dire£lly  as  its  diftance  from  the  prop.  There^ 
fore,  when  the  \\  eight  to  be  raifed  at  one  end  is  to  the  power 
appliedto  the  other  to  raife  it ; as  the  diftance  of  the  power 
from  the  prop,  is  to  the  didance  of  the  weight  from  the 
prop,  the  power  and  weight  will  cxaftly  balance  or  coun- 
terpoife  each  other:  and  as  a common  lever  has  nearly  no 
fridion  on  its  prop,  a very  little  additional  power  w'ill  be 
fiillicient  to  raile  the  weight. 

There  are  four  kinds  of  levers,  i.  The  common  fort, 
when  the  prop  is  placed  between  the  weight  and  power ; but 
much  nearer  to  the  weight  than  to  the  power.  2.  When 
the  prop  is  at  one  end  of  the  lever,  the  power  at  the  other, 
and  the  weight  between  them.  3.  When  the  prop  is  at 
one  end,  the  weight  at  the  other,  and  the  power  applied 
between  them.  4.  The  bended  lever,  which  differs  only 
in  form  from  the  firfl  fort,  but  not  in  property.  Thofe  of 
the  fird  and  fecond  kind  are  often  ufed  in  mechanical  en- 
gines ^ but  there  aie  few  indances  in  which  the  third  fort 
is  ufed. 

The  balance  is  a draight  inflexible  rod  or  beam,  turning 
round  a fixed  point  or  axle  in  the  middle  of  it,  to  be  loaded 
at  each  end  with  weights  fufpended  there ; it  is  by  fome 
reckoned  a lever  of  the  firdkind,  but  as  both  ends  are  fet  at 
equal  didances  from  its  center  of  motion,  they  move  with 
equal  velocities ; and  therefore,  as  it  gives  no  mechanical 
advantage,  it  cannot  properly  be  reckoned  among  the  me- 
chanical powers. 

Let  C D be  a beam  or  lever,  E the  middle  point  or 
center  of  motion  ; A B,  the  weights,  hanging  at  the  ends 
C and  D,  then  let  tlie  beam  and  the  weights,  or  the  who!;e 

machine, 
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snachine,  be  fufpended  at  E ; and  rupix)re  the  beam  rig.  5- 
and  the  weights  be  turned  upon  the  center  E,  then 
the  paints  C D being  equidillant  from  E,  will  deferibe 
equal  arches,  and  therefore  their  velocities  will  be  equaU 
and  if  the  bodies  A and  B be  equal,  then  the  motion  of  A 
will  be  equal  to  the  motion  of  B,  as  the  quantities  of  matter 
snd  velocities  are  equal ; and  confequently,  ii  the  beam  and 
weights  are  fet  at  reft,  neither  of  them  can  move  the  other, 
but  they  will  remain  in  equilibrium,  if  one  weight  be  greater 
than  the  other ; that  weight  and  fcale  will  defeend  and  raife 
the  other. 

Now,  the  ufe  of  the  balance,  ora  common  pair  of  fcales, 
is  to  compare  the  weights  of  different  bodies  ; for  any  body, 
whofe  weight  is  required,  be  put  into  one  fcale,  and  balanced 
by  known  weights  put  into  the  other  fcale,  thefe  weights 
■yvill  fliew  the  weight  of  the  body. 

To  have  a pair  of  fcales  perfeeff,  they  mnft  have  tliefe 
properties,  i.  The  points  of  fnfpenfion  of  the  fcales,  and 
the  center  of  motion  of  the  beam  C,  E,  D,  muft  be  in  a pertics  of 
right  line.  2.  The  arms  C E,  D E,  muft  be  of  equal 
length  from  the  center.  3’.  That  the  center  of  gravity  be 
in  the  center  of  the  motion  E.  4.  That  there  be  as  little 
friction  as  poflible,  5.  That  they  be  in  equilibrium  when 
empty. 

If  the  center  of  gravity  of  the  beam  be  above  the  center 
tof  motion  and  the  fcales  be  in  equilibrium,  if  they  be  put  a 
little  out  of  that  pofition,  by  putting  down  one  end  of  the  ' 

beam,  that  end  will  continually  defeend  until  it  be  llopt  at 
the  handle  H.  For  by  that  motion,  the  center  of  gravity  i.s 
pmtinually  defeending,  according  to  the  nature  of  it,  but 

C ii’ 
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if  the  center  of  gravity  of  the  beam  be  below  the  center  of 
motion  ; if  one  end  of  the  beam  be  put  down  a little,  to 
deftroy  the  equilibrium,  it  will  return  back  and  vibrate  up 
and  down.  For  by  the  motion  the  center  of  gravity  is  en- 
deavouring to  defrend. 

To  prove  To  difeover  a falfe  balance,  make  the  weights  in  the  two 
therThey^'  equilibrium ; then  change  the  weights 

are  good,  to  the  Contrary  fcales,  and  if  they  be  not  in  eqiiilibrium, 
the  balance  is  lalfe. 

Hence  alfo,  to  prove  a pair  of  good  fcalcs,  they  mufl:  be 
in  equilibrium  when  empty,  and  likewife  in  equilibrium  with 
the  ^w'Q  weights.  Then,  if  the  two  weights  be  changed 
to  the  contrary  fcales,  the  equilibrium  will  ftill  remain,  if 
the  fcales  are  good. 

Tig.  I.  ^ lever  of  the  firfl  kind  is  reprefented  by  the  bar  ABC, 
kind*o^f  le  principal  ufe  is  to  loofen  large 

ver.  ftones  in  the  ground,  or  to  raife  great  w'eights  to  fmall 
heights,  in  order  to  have  ropes  put  under  them  for  railing 
them  higher  by  other  machines.  • The  parts  A B and  E C 
on  different  Tides  of  the  prop  D,  are  called  the  arms  of  the 
lever:  the  end  A of  the  fforter  arm  A B being  applied 
to  the  weight  intended  to  be  railed,  or  to  the  refiltance  to  be 
overcome  ; and  the  power  applied  to  the  end  C of  the  longer 
arm  B C. 

In  making  experiments  with  this  machine,  the  fliorter 
arm  A B mull;  be  as  much  thicker  than  the  longer  arm  B C, 
as  will  be  fufficient  to  balance  it  on  the  prop  D.  This  fup- 
pofed,  let  P reprefent  a power  whofe  gravity  is  equal  to  r 
ounce,  and  W a weight,  whofe  gravity  is  equal  to 

ounces. 
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o»inc^s.  Now,  if  the  power  be  twelve  times  as  far  from  the  *• 
prop  as  the  weight  is,  they  will  exactly  counterpoife  ; and 
a fmall  addition  to  the  power  P will  caufe  it  to  defcend,  and 
raife  the  weight  W ; and  the  velocity  with  which  the  power 
defcends  will  be  to  the  velocity  with  which  the  weight  rifes, 
as  12  to  I : that  is,  direcfly  as  their  diltances  from  the  prop; 
and  confequcntly,  ns  the  fpaces  through  which  they  move. 

Hence,  it  is  plain  that  a man,  who  by  his  natural  firen<7th, 
without  the  help  of  any  machine,  could  lupport  an  hundred 
weight,  will  by  the  help  of  this  lever  be  enabled  to  fup- 
port  twelve  hundred.  If  the  weight  be  lefs,  or  the  potver 
greater,  the  prop  may  be  placed  fo  much  farther  from  the 
weight;  and  then  it  can  be  raifed  to  a proportionable  greater 
height.  For,  univeiTally,  if  the  intcnfity  of  the  wcigiit 
multiplied  into  its  diltance  from  the  prop,  be  equal  to  the 
intenfity  of  the  power  multiplied  into  its  diUance  from  the 
prop,  the  power  and  weight  will  exadlly  balance  each  other ; 
and  a little  addition  to  the  power  will  raife  the  weight. 

Thus,  intheprefent  inftance,  thetveight  W is  12  ounces, 
and  its  diltance  from  the  prop  is  i inch;  and  12  multiplied 
by  I is  1 2 ; the  power  P is  equal  to  i ounce,  and  its  diltance 
from  the  prop  is  12  inches,  which  multiplied  by  i is  12 
again;  and  therefore  there  is  an  equilibrium  between  them. 

So,  if  a power  equal  to  2 ounces  be  applied  at  the  diltance  of  6 
inches  from  the  prop, it  will  jult  balance  the  weight  W;  for 
6 multiplied  by  2 is  1 2,  as  before.  And  a power  equal  to  3 
ounces  placed  at  4 inches  diltant  from  the  prop  would  be 
the  fame;  for  3 times  4 is  12;  and  fo  on,  in  proportion. 

To  this  kind  ot  lever  may  be  reduced  feveral  forts  of  iultru-  Propenien 
ments,  fuch  as  feilfars,  pincers,  fnulFers,  See.  which  arc 
made  of  two  levers  a6ting  contrary  to  one  another : their 
prop,  or  center  of  motion  being  the  pin  which  keeps 
thein  togetlicr.  In  common  practice,  the  longer  end  of 
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this  lever  greatly  exceeds  the  weight  of  the  fliorter  : u hTcfi 
gains  great  advantage,  becaufeir  adds  lo  much  to  the  power. 


I-iiT.  6. 
'I'lie  fteel- 
yaiJ. 


Tlic  flatera  or  Roman  fleelyard,  is  a lever  of  tliis  kind, 
and  is  11  fed  for  finding  the  weights  of  difU-rent  bodies  by  one 
/ingle  weight  placet!  at  different  di (lances  from  the  prop  or 
center  of  motion  D.  For,  if  a weight  hangs  at  A the  ex- 
tremity of  the  fliorter  ai'm  D G,  is  of  fuch  a weight  as  M^ill 
cxaftly  counterpoife  the  longer  arm  D X ; if  this  arm  be 
divided  into  as  many  equal  parts  as  it  will  contain,  each 
equal  to  O D,  the  Tingle  weight  P (which  we  may  fuppofe 
to  be  I jiouncl)  will  fcr\  c for  weighmg  any  thing  as  heavy 
as  itfelf,  or  as  many  times  heavier  as  there  are  divifions  in  tlie 
arm  D X,  or  any  quantity  bctiveen  its  own  weight  and 
tliat  quantity.  As  for  example,  if  P be  i pound  and  placed 
at  the  hn'I  divifion  r in  the  arm  D X.  it  Avilf  balance  i 
pound  in  the  fcale  at  W ; if  it  be  removed  to  the  fecond  dl- 
vifion  at  2,  it  will  balance  2 pounds  in  the  fcale  ; if  to  the 
third  3 pounds  ; and  fo  on  to  the  end  of  the  arm  D X.  If 
each  of  tlicfe  integral  divilions  be  fubdivioed  into  as  many 
equal  parts  as  a pound  contains  ounces,  and  the  weight  P be 
placed  at  any  of  thefe  fcibdivifions,  fo  as  to  counterpoife 
what  is  in  the  fcale,  the  pounds  and  odd  ounces  therein 
will  by  that  means  be  afeerfained. 


, , , A lever  of  the  fecond  k’nd  has  the  weight  between  the 

The  fecond  ^ 

kind  01  le- prop  and  the  power.  In  this,  as  well  as  the  former,  the 
advantage  gained  is  as  the  didai  'iCC  of  the  potver  frorri 
the  prop  to  the  clidance  of  tiie  weight  from  the  prop: 
for  the  relj^edivc  velocities  of  the  power  and  weights 
arc  in  that  proportion  ; and  they  will  balance  each  other 
when  tlie  intenfity  of  the  power  multiplied  by  its  diftance 
from  tite  prop  is  equal  lo  the  intenfity  of  the  weight  mul- 
ls- lied  by  its  dlftaiice  from  the  prop.  ITms,  If  A B be  a 

lever 
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lever  on  wlilcli  the  weight  W of  6 ounces  hangs  at  the  cliftance 
of  I inch  from  the  prop  G,  and  a power  P equal  to  the  weight 
of  I ounce  hangs  at  the  end  B,  6 inches  from  the  prop ; by  the 
cord  C D going  o\'er  the  fixed  pulley  E,  the  power  will  juft 
fupport  the  weight : and  a fmall  addition  to  the  power  will 
iaife  the  weight,  i inch  for  every  6 inches  that  the  power 
defeends.  This  lever  fhews  the  reafon  why  two  men  car- 
rying a burden  upon  a ftick  between  them,  bear  unequal 
fiiares  of  the  burden  in  the  inverfe  proportion  of  their  dif- 
tances  from  if.  For  it  is  well  known,  that  the  nearer  either 
of  them  is  fo  the  burden,  the  greater  ftiare  he  bears  of  it  t 
and  if  he  goes  dircclly  under  it,  he  bears  the  whole.  So  if 
6ne  man  be  at  G,  and  the  other  at  B,  having  the  pole  or 
ftick  A B refting  on  their  flibulders ; if  the  burden  or  weight 
W be  placed  five  times  as  near  the  man  at  G,  as  it  is  to 
the  man  at  B,  the  former  will  bear  five  times  as  much 
weight  as  the  latter. 

This  is  likewife  applicable  to  the  cafe  of  two  horfes  of 
unequal  ftrength  to  be  fo  yoked,  as  that  each  horfe  mav 
clraw  a part  proportionable  to  his  ftrength  ; which  is  done  by  cond  kind 
fo  dividing  the  beam  tljey  pull,  that  the  point  of  trablion 
may  be  as  much  nearer  to  the  ftonger  horfe  than  to  the  weaker, 
as  the  ftrength  of  the  former  exceeds  that  of  the  latter. 

To  this  kind  of  lever  may  be  reduced  oars,  rudders  of" 
flups,  doors  turning  upon  hinges,  cutting-knives  which  are 
fixed  at  the  point,  &c. 

• 

If  in  this  lever  we  fuppofe  the  power  and  weight  to 
change  places,  fo  that  the  power  may  be  between  the  ver. 
weight  and  the  prop,  it  will  become  a lever  of  the  third 
kind  j in  which,  that  there  may  be  a balance  between 

the 
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the  pbwer  and  the  weight,  the  intenfity  of  the  power  muft 
exceed  the  intenfity  of  the  weight,  jud  as  much  as  the 
didance  of  the  weight  from  the  prop  exceeds  the  didance  of 
3-  the  power*  Thus,  let  E be  the  prop  of  the  lever  A B,  and 
W a weight  of  I pound,  placed  3 times  as  far  from  the 
prop>  as  the  power  P acts  at  F,  by  the  cord  C going  ovcf 
the  fixed  pulley  D ; in  this  cafe,  the  power  mud  be  equal  to 
3 pounds,  in  order  to  fupport  the  weight  of  i pound. 

Properties  'J'o  this  fort  of  levcr  are  generally  referred  the  bones  of  a 
kind  of  man’s  arm  ; for  when  he  lifts  a weight  by  the  hand,  the 
mufcle  that  exerts  its  force  to  raife  that  weight,  is  fixetl  to 
the  bone  about  one  tenth  part  as  furbelow  the  elbow  as  the 
hand  is.  And  the  elbow  being  the  center  round  which  the 
lower  part  of  the  arm  turns,  the  mulcle  mud  therefore  exert 
a force  ten  times  as  great  as  the  weight  that  is  railed. 

As  this  kind  of  lever  is  a difadvantage  to  the  moving 
power,  it  is  ufed  as  little  as  podible ; but  in  fome  cafes  it 
cannot  be  avoided,  fuch  as  that  ol  a ladilcr,  which,  being 
fixed  at  one  end,  is  by  the  Ihcrigth  of  a man’s  arms  reared 
againd  a wall. 

And  in  clock-work,  where  all  the  wheels  may  be  reckoned 
levers  of  this  kind,  becaufe  the  power  that  moves  every 
wheel,  except  the  fird,  a*£ls  upon  it  near  the  center  of 
motion  by  means  of  a fmall  pinion,  and  the  rcfidance  it 
has  to  overcome,  a£ls  againd  the  teeth  round  its  circum- 
ference. 

The  fourth  The  fourth  kind  of  lever  differs  nothing  from  the  fird 
kind  of  le-  Jjut  bended  for  the  fake  of  convenience.  ACB  is 

ver.  ^ • 1 • • 

4»  a lev'er  oi  this  fort,  bended  at  C,  which  is  its  prop  or  center 

of 
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of  motion.  P is  a power  afting  upon  the  longer  arm  A 
C at  F,  by  means  of  the  cord  D E going  over  the  pulley 
G ; and  W is  a weight  or  refiftance  ailing  upon  the  end  B 
of  the  ihorter  arm  C B.  If  the  power  is  to  the  weight,  as 
C B is  to  C F,  they  are  in  equilibrium.  Thus,  fuppofe  W 
to  be  5 pounds  ailing  at  the  dillance  -of  one  foot  from  the 
center  of  motion  C,  and  P to  be  i pound  ailing  at  F,  hve 
feet  from  the  center  C,  the  power  and  weight  will  juft 
balance  each  other.  A hammer  drawing  a nail  is  a lever  of 
this  fort. 

2-  The  fccond  mechanical  power  is  the  wheel  and  axle, 
in  which  the  power  is  applied  to  the  circumference  of  the 
wheel,  and  the  weight  is  raifed  by  a rope  which  coils  about 
the  axle  as  the  wheel  is  turned  round.  Flere  it  is  plain, 
that  the  velocity  of  the  power  muft  be  to  the  velocity  of  the 
weight,  as  the  circumference  of  the  wheel  is  to  the  cir- 
cumference of  the  axle  : and  confequently,  the  power  and 
weight  will  balance  each  other,  when  the  intenfity  of  the 
power  is  to  the  intenfity  of  the  weight,  as  the  circumfe- 
rence ot  t/ie  axle  is  to  the  circumference  of  the  w'hecl.  Let 
A B be  a wheel,  C D its  axle,  and  fuppofe  the  circum- 
ference of  the  wheel  to  be  8 tim.es  as  great  as  the  circum- 
ference  of  the  axle;  then,  a power  P equal  to  i pound 
hanging  by  the  cord  I,  which  goes  round  the  wheel,  w'ill 
balance  a weight  W of  8 pounds  hanging  by  the  rope  K, 
which  goes  round  the  axle.  And  as  the  fridlion  on  the 
pivots  or  gudgeons  of  the  axle  E F is  biit  fmall,  a fmall 
addition  totiie  power  will  caule  it  to  defcend,  and  raife  the 
weight:  but  the  weight  will  rife  with  only  an  eighth  part 
of  the  velocity  w'herewith  the  power  defeends,  and  confe- 
quently, through  no  more  than  one  eighth  part  of  an  equal 
Ipacc,  in  th?  fame  tirnc.  II  the  wheel  be  pulled  round  by 

the 
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the  handles  S,  S,  the  power  will  be  increafed  in  proportion 
to  their  length.  And  by  this  means,  any  weight  may  be 
railed  as  high  as  the  operator  pleafes.  , 

To  this  fort  of  engine  belong  all  cranes  for  railing  great 
weights;  and  in  this  cafe,  the  wheel  may  have  cogs  all 
round  it  inlVead  of  handles,  and  a fmall  lanthorn  or  trundle 
may  be  made  to  work  in  the  cogs,  and  be  turned  by  a winch  ; 
which  will  make  the  power  of  the  engine  to  exceed  the 
power  of  the  man  who  works  it,  as  much  as  the  number 
of  revolutions  of  the  winch  exceeds  thole  of  the  axle  C D, 
when  multiplied  by  the  excefs  of  the  length  of  the  winch 
above  the  length  of  the  feinidiametcr  of  the  axle,  added 
to  the  femidiameter  or  half  thicknefs  of  the  rope  K,  by 
which  the  weight  is  drawn  tip.  Thus,  fuppofe  the  dia- 
meter of  the  rope  and  axle  taken  together,  to  be  13 
inches,  and  confequently,  half  their  diameters  to  be  6 i 
inches;  fo  that  the  weight  W will  hang  at  6 4 inches 
perpendicular  dillance  from  below  the  center  of  the 
axle.  Now,  let  us  fuppofe  the  wheel  A B,  which  is  fixed 
on  the  axle,  to  have  80  cogs,  and  to  be  turned  by  means  of 
a winch  6 i inches  long,  fixed  on  the  axle  of  a trundle 
of  eight  ftaves  or  rounds,  working  in  the  cogs  of  the  wheel. 
Here  it  is  plain,  that  the  winch  and  trundle  would  make 
10  revolutions  for  one  of  the  wheel  A B,  and  its  axis  D,  011 
which  the  rope  K winds  in  raifing  the  weight  W ; and  the 
winch  bein"  no  longer  than  live  fura  ot  the  feroidiameters 
of  the  great  axle  and  rope,  the  trundle  could  have  no  more 
power  on  the  wheel,  than  a man  could  have  by  pulling  it’ 
round  by  the  edge;  becaufe  the  winch  would  have  no  greater 
velocity  than  the  edge  of  the  wheel  has,  which  wc  here 
fuppofe  to  be  ten  times  as  great  as  the  velocity  of  the  rifing 
weight ; fo  that,  in  this  cafe,  the  power  gained  would  be 
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as  I c to  I.  But  if  the  length  of  the  winch  be  13  inches, 
the  power  gained  will  be  as  20  to  i : if  19  { inches  (which 
islonf^  enouijh  for  any  man  to  work  by)  the  power  gained 
will  be  as  30  to  i ; that  is,  a man  could  raii'e  30  times  as 
much  by  fuch  an  engine,  as  he  could  do  by  his  natural 
ftrength  ^^ithoutit,  bccaufe  the  velocity  of  the  handle  of  the 
winch  would  be  30  times  as  great  as  the  velocity  of  the 
rifin^  weight ; the  abfolute  force  of  any  engine  being  in 
proportion  of  the  velocity  of  tiie  power,  to  the  velocity 
of  the  weight  raifed  by  it.  But  then,  juft  as  much  power  porce  of 
or  advantage  as  is  gained  by  the  engine,  fo  much  time  is  engine, 
loft  in  working  it  5 which  is  common  in  all  mechanical 
cafes  whatever. 

In  this  lort  of  machines  it  is  requifite  to  have  a ratchet 
wheel  on  the  end  of  the  axle  C,  with  a catch  to  fall  into 
its  teeth;  which  will  at  any  time fupport  the  weight,  and 
keep  it  from  defeending,  if  the  perfon  who  turns  the  handle 
'fliould,  through  inadvertency  or  carelcftiiefs,  quit  his  hold 
W'hile  the  weight  is  railing.  Thus,  by  this  means,  the 
danger  is  prevented  which  might  otherwife  happen  by  the 
running  down  of  the  weight  when  left  at  liberty. 

The  third  mechanical  power  or  engine  confifts  either  of 
one  moveable  pullev,  or  a fyftem  of  pullics ; fome  in  a block 

. ' , . ,17  1-7'  ThepullfV, 

or  cafe  which  is  fixed,  and  others  in  a block  which  is  move-  Fig.  %, 
able,  and  rifes  with  the  weight.  For  though  a Tingle  pulley 
that  only  turns  on  its  axis,  and  moves  not  out  of  its  place, 
may  ferve  to  change  the  direftion  of  the  power,  yet  it  can 
give  no  mechanical  advantage  thereto  ; but  is  only  as  the 
beam  of  a balance,  whofe  arms  are  of  equal  length  and 
weight.  Thus,  A is  a Tingle  pulley,  and  if  it  fupport  the 
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cf[ual  weights  P and  W,  the  cord  B B to  wliich  they  are 
appended,  is  equally  ftrctched  throughout,  and  the  pulley 
A fuftains  both  the  weights,  or  is  drawn  with  a force  equal 
to  twice  P.  It  is  properly,  but  another  form  of  the  ba- 
lance. 

Three  A Combination  of  three  moveable  pullies  A,  B,  C, 
puUks!'''  conneaed  by  three  diftina  cords,  each  fallcned  at  one  end 
to  an  immoveable  block  abov’c.  The  power  of  the  whole 
is  difeovered  by  fuppofmg  two  fuch  weights  P and  W ltd- 
pended,  as  will  keep  the  machine  in  equilibritim,  and  then 
beginning  with  the  lead  weight,  or  power  P,  andconlider- 
ing  what  force  each  feparate  pulley  luflains.  Thus,  it  P be 
cite  pouPid,  the  coi\l  which  fullains  it,  aas  at  its  other  end 
noon  the  fixed  block  above,  and  is  confequently  re-aTed 
upon  by  the  block  with  a force  equal  to  one  pound,  and  the 
pulley  A,  as  in  fig.  8,  is  drawn  with  a force  equal  to  two 

pounds. 

By  tracing  the  fecond  cord  in  the  fame  manner,  it  will 
appear  that  the  pulley  B is  drawn  with  twice  the  force  of  A, 
or  4 pounds.  And  C is  drawm  with  twice  the  force  of  E, 
or  8 pounds.  So  that  the  purchafe  of  this  machine  is  fuch, 
that  the  weight  W has  8 times  the  powder  of  P. 

The  velocity  of  the  weight  to  that  of  the  power  is  (in  a 
Velocity  fiinilar  way  of  arguing)  thus,  if  P defeend  8 inches,  A will 
!s  8 afeend  4 ; B,  2 ; and  C or  V/  i inch  ; fo  that  the  velocities 
are  reciprocally  as  the  power  and  weight. 

7\nother  combination  of  pullies,  whereof  two,  A and  B, 
run  in  the  fixed  block  X.  And  two  others,  C and  D,  in 
a moveable  block,  which  r.aife  the  weight  \V,  by  pulling 
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riic  cord  at  P,  wliich  goes  fucceffively  over  the  pullies  A, 

D,  B,  C,  and  is  failened  to  the  fixed  block  at  s.  The 
purchafe  of  this  machine  is  known  by  confidering  that  the 
cord  is  equally  ftretched  throughout,  by  putting  two  fuch 
weights  P and  W,  as  will  counterpoife  each  other.  For 
P is  fuftained  by  the  fingle  cord,  and  W by  four  fold  of  the 
fame,  viz.  by  the  parts  o,  s,  u,  k,  fothatifP  be  one  pounc], 

W will  be  four  pounds. 

The  velocity  of  the  power  is  to  that  of  the  weight  as 
four  to  one.  For  if  P defeend  four  inches,  the  parts  of  4'° 
the  cord  at  k will  afeend  towards  e four  inches,  and  all  the 
other  parts  of  the  cord,  from  the  pulley  C,  will  equally 
follow  each  other,  and  C or  W will  alcend  one  inch  towards 
s ; or  the  four  parts  of  the  cord  o,  s,  u,  k,  will  each  bp 
fiiortened  i inch. 

In  like  manner  may  the  purchafe  of  any  other  combi- 
nation of  pullies  be  determined.  And  it  will  always  hap- 
pen, that  the  momenta  of  the  weight  and  power  will  be 
equal,  as  in  the  other  mechanical  powers.  That  is,  it  any 
power  will  railc  one  pound  with  a certain  velocity,  it  will 
raife  two  pounds  with  half  that  vehreity,  or  one  hundred 
pounds  with  one  hundredth  part  of  that  velocity,  &c. 

Put  as  a fyfiem  of  pullies  has  no  great  weight,  and  lies 
in  a fmall  compafs,  it  is  cafily  carried  about  ; and  can  be 
applied,  in  a great  many  cafes,  for  raifing  weights,  where 
other  engines  cannot;  but  they  have  a great  deal  ol  friction 
on  three  accounts— i.  Bccaulc  the  diameters  of  their  axis’s 
bear  a very  confidcrablc  proportion  to  their  own  diameters. 

2,  Becaufc  in  working  they  arc  apt  to  rub  againfl  one  ano- 

]:>  2 Btcr, 
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ther,  or  againft  the  fides  of  the  blocks.  3.  Bccaufe  of  the 
flilfnefsof  the  ropes  that  pafs  over  and  under  them. 

The  fourth  mechanical  pov^^r  is  the  inclined  plane,  and 
Tht  indin-  the  advantage  gained  by  it,  is  as  great  as  its  length  exceeds 
ed  phne.  perpendicular  height.  Let  A B be  a plane  parallel  to 
the  horizon,  and  C D a plane  inclined  to  it,  and  fuppofc 
the  -whole  length  C D to  be  three  times  as  great  as  the  per- 
pendicular height  G f F : in  this  cafe  the  cylinder  E will  be 
fupported  upon  the  plane  C D,  and  kept  from  rolling  down 
upon  it,  by  a power  equal  to  a third  part  of  the  \v‘eight  of 
the  cylinder.  Therefore,  a weight  may  be  rolled  up  this 
inclined  plane  v/ith  a third  p.art  of  the  power  which  would 
befufficient  to  draw  it  up  by  the  fide  of  an  upright  wall.  If 
the  plane  was  four  limes  as  long  as  it  is  high,  a fourth  part  of 
tlie  power  would  be  fiifiicicnt;  and  fo  on  in  proportion. 
Suppofe  a man  has  occafion  to  fet  a weight  upon  an  emi- 
nence, and  the  weight  i fo  great,  that  he  cannot  fift  it  by 
his  natural  ilrength,  he  will  take  a long  flout  plank,  or  fome- 
thing  equivalent  thereto,  and  fetting  it  Hoping,  will  pulh 
the  weiglit  before  him  up  the  plank,  to  the  place  defigned  to 
fet  It  in ; and  fuch  plank,  or  other  contrivance  like  it,  is  an 
inclined  plane.  Now  it  is  evident,  that  the  ihorter  this  in- 
clined plane  is,  the  fteeper  is  the  afeent;  and  the  longer  tire 
plane  is,  the  afeent  muff  be  the  eafier.  It  is  plain  alfo,  that 
it  is  much  eafier  to  puih  a rolling  weight  up  a hill  that 
rifes  gently,  than  up  a hill  that  is  very  lleep,  which  is  uni- 
verl'ally  kno'.yn. 

T he  force  wherewith  a rolling  body  defeends  upou  an  in-  - 
dined  plane,  is  to  the  force  of  its  abfolutc  gravity,  by  which 
it  would  defeend  perpendicularly  in  a free  fpace,  as  the 
height  of  the  plane  is  19  its  length.  For,  fuppofe  the  plane 
y\  R to  be  parallel  tc  the  horizon,  the  cylinder  will  keep  at 
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reft  upon  any  part  of  the  plane  where  it  is  laid.  If  then's- 
'plane  be  I'o  elevated.,  that  its  perpendicular  height  from  D 
is  equal  to  half  its  length  A B,  the  cylinder  C will  roll 
down  upon  the  plane  with  a force  equal  to  half  its  weight, 
for  it  would  require  a power  (acting  in  the  diredtion  of  A 
B)  equal  to  half  its  weight  to  keep  it  from  rolling.  If  the 
plane  D B be  elevated,  fo  as  to  be  perpendicular  to-  the  ho- 
rizon,  the  cylinder  C would  dei'cend  with  its  whole  force 
of  gravity,  becaufe  tiie  plane  contributes  nothing  to  its  fup- 
port  or  hindrance,  and  therefore  it  would  require  a power 
equal  to  its  whole  weight  fokeep  it  from  delcending.  To 
the  inclined  plane  may  be  reduced  all  hatchets,  chifels,  and 
other  edge-tools,  wliichare  chamfered  only  on  one  fide. 


14. 


The  fifth  mechanical  potver  or  machine  is  the  wedsre,  , 

^ TheweJgf. 

which  may  be  conlidcred  as  two  equally  inclined  planes  D Fig.  15. 

E F,  and  C E F, joined  together  at  their  bafes  e E F O: 
then  D C is  the  wdiole  thicknefs  of  the  wedge  at  its  back 
A B C D,  where  the  power  is  applied , E F is  the  depth  or 
height  of  the  wedge  ; D F the  length  of  one  of  its  fidcs, 
equal  to  C F the  length  of  the  other  fide ; and  O F is  its 
fharp  edge,  which  is  entered  into  the  wood  intended  to  be 
I'plit,  by  the  force  of  a hammer  or  mallet  ftriking  perpendi- 
cularly on  its  back.  Thus,  A B is  a wedge  driven  into 
the  clclt  C E D of  the  wood  F G. 


Fig.  IB. 


When  the  w’ood  does  not  cleave  at  any  diftance  before 
the  wedge,  there  will  bean  equilibrium  between  the  power 
impclling  the  w-edge  downward,  and  tlie  refillance  of  the 
wood  acting  againlb  the  two  fidcs  of  the  wedge  when  the 
power  is  to  the  refillance,  as  half  the  thicknefs  ot  the  wedge 
at  it  s back  is  to  the  length  of  either  of  its  fidcs  ; bccaufe  the 
xenftaneq-  then  a£ts  perpendicular  to  the  fides  of  the  w'ci'ge. 

But 
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Confequently,  if  a line  G,  goes  round  the  groove  e,  and  has 
a weight  of  48  pounds  hung  to  it  below  the  pedellal  E f',  a 
potver  equal  to  i pound  at  the  handle  will  balance  and  ftip- 
port  the  weight.  To  prove  this  by  experiinent,  let  the 
circumferences  of  the  grooves  of  the  wheels  C and  D be 
equal  to  one  another  ; and  then,  if  a weight  H,  of  one 
pound,  be  fulpended  by  a line  going  round  the  groove  of  the 
wheel  C,  it  will  balance  a weight  of  48  pounds  hanging 
by  the  line  G ; and  a fmall  addition  to  the  w'cight  H will 
taule  it  to  defeend,  and  fo  raife  up  the  other  vveiglit. 

If  a line  G,  inllead  of  going  round  the  groove  c of  the 
w heel  D,  goes  round  its  axle  I ; the  power  of  the  machine 
will  be  as  much  increafed,  as  the  circumference  of  the  groove 
e exceeds  the  circumference  of  the  axle  : v;hich,  fuppofing 
it  to  be  fix  times,  then  i pound  at  H will  balance  6 times 
48,  or  288  pounds  hung  to  the  line  on  the  axle:  and  hence 
the  powder  or  advantage  of  this  machine  will  be  as  288  to 
I.  That  is  to  fay,  a man,  who  by  his  natural  llrength 
could  lift  an  htmdrtd  weight,  will  be  able  to  raife  288  by 
this  engine.  If  a fyflem  ofpullies  were  applied  to  the  cord 
El,  the  power  would  be  increafed  to  an  amazing  excefs, 
but  it  would  be  here  as  in  all  other  mechanical  cafes  ; for 
the  time  loft  is  ahvays  as  much  as  the  power  gained,  bc- 
caufe  the  velocity  w’ith  which  the  power  moves,  will  ever 
exceed  the  velocity  w-ith  wdiich  the  weight  rifes,  as  much  as 
the  intcnfity  of  the  weight  exceeds  the  intenlity  of  the 
power. 

The  friilion  of  the  ferew  itfelf  Is  very  confideraEle ; and 
there  are  few  compound  engines,  but  what,  upon  account 
of  the  fridion  of  the  p?rts  againft  one  another,  will  require 
a third  part  more  of  the  power  to  work  them  when  loaded 

than 
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than  hat  is  lufficlent  to  conftitute  a balance  between  the 
w eight  and  the  power. 

In  the  lever,  the  fritSlion  is  nothing.  In  the  wheel  and 
axle,  it  is  as  fmall  as  the  diameter  of  the  gudgeons  (added  to 
the  power  required  to  bend  the  rope)  is  lefs  than  the  diameter 
of  the  wheel ; but  it  increafes  according  to  the  weigh/ 
W'ith  w hich  the  axle  is  charged.  The  like  might  be  faid 
of  the  pullies,  if  they  did  not  rub  againft  one  another, 
or  againff  the  fides  of  the  mortifes  in  the  block  where 
they  are  placed.  A new  rope  of  i inch  diameter,  going 
over  a pulley  3 inches  diameterj  and  pulled  with  a force 
equal  to  5 pounds,  requires  a force  of  i pound  or  upwards 
to  bend  it  ^ and  a rope  2 inches  diameter  requires  4 times  as 
much  force. 

Wood  greafed,  or  metal  oiled,  have  nearly  the  fame 
friiSlion ; and  the  fmoother  they  are,  their  fri6lion  is  the 
lefs.  Yet  metals  may  be  fo  highly  polifhed,  as  to  have  their 
fridion  increafed  by  the  cohefion  of  their  parts. 

Wood  Hides  cafier  upon  the  ground  in  wet  weather  than 
in  dry  ; and  eafier  than  an  equal  weight  of  iron  in  dry  wea- 
ther : but  iron  Hides  eafier  than  wood  in  wet  weather.  Iron 
orfteel  running  in  brafs  has  the  leaH;  fri<£lion  of  any.  Lead 
makes  a great  deal  of  refiffance.  In  wood,  ailing  upon 
w'ood,  greafe  makes  the  motion  at  leafl:  twice  as  eafy. 
Wheel- naves,  greafed  or  tarred,  go  four  times  as  eafy  as 
when  wet.  Smooth  foft  wood,  moving  upon  fmooth  foft 
wood,  has  a fri£lion  equal  to  about  a third  part  of  the  weight. 
In  rough  W'ood,  the  friclion  is  almofl  equal  to  half  the 
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Confcqiicntly,  if  a line  G,  goes  round  the  groove  c,  and  lias 
a weight  of  48  pounds  hung  to  it  below  the  pedcllal  E F,  a 
power  equal  to  i pound  at  the  handle  will  balance  and  fup- 
port  the  weight.  To  prove  this  by  experiment,  let  the 
circumferences  of  the  grooves  of  the  wheels  C and  D be 
equal  to  one  another  ; and  then,  if  a weight  H,  of  one 
pound,  be  fulpended  by  a line  going  round  the  groove  of  the 
wheel  C,  it  will  balance  a weight  of  48  pounds  hanging 
by  the  line  G ; and  a fmall  addition  to  the  weight  H will 
taule  it  to  defeend,  and  fo  raife  up  the  other  weight. 

If  a line  G,  inllead  of  going  round  the  groove  c of  the 
wheel  D,  goes  round  its  axle  I ; the  power  of  the  machine 
will  be  as  much  increafed,  as  the  circumference  of  the  groove 
e exceeds  the  circumference  of  the  axle  : which,  fuppofing 
it  to  be  fix  times,  then  i pound  at  H will  balance  6 times 
48,  or  288  pounds  hung  to  the  line  on  the  axle:  and  hence 
the  power  or  advantage  of  this  machine  will  be  as  288  to 
I . That  is  to  fay,  a man,  who  by  his  natural  ftrength 
could  lift  an  hyndred  weight,  will  be  able  to  raife  288  by 
this  engine.  Ifa  fyftem  ofpiillies  were  applied  to  the  cord 
H,  the  power  w'ould  be  increafed  to  an  amazing  excefs, 
but  it  would  be  here  as  in  all  other  mechanical  cafes  ; for 
the  time  loft  is  ahvays  as  much  as  the  power  gained,  be- 
caufe  the  velocity  with  which  the  power  moves,  will  ever 
exceed  the  velocity  with  which  the  weight  rifes,  as  much  as 
the  intenfity  of  the  weight  exceeds  the  intenlity  of  the 
power. 

The  frliftion  of  the  ferew  itfelf  is  very  confideraEle ; and 
there  are  few  compound  engines,  but  what,  upon  account 
of  the  friilion  of  the  psrts  againft  one  another,  will  require 

a third  part  more  of  the  power  to  work  them  when  loaded 
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than  I'.at  is  fuflicient  to  conflitute  a balance  between  the 
weight  and  the  power. 


In  the  lever,  the  fridion  is  nothing.  In  the  wheel  and 
axle,  it  is  as  fmall  as  the  diameter  of  the  gudgeons  (added  to 
the  power  required  to  bend  the  rope)  is  lefs  than  the  diameter 
of  the  wheel;  but  it  increafes  according  to  the  weigh' 
with  which  the  axle  is  charged.  The  like  might  be  faid 
of  the  pullies,  if  they  did  not  rub  againft  one  another, 
or  aeainfl:  the  hides  of  the  mortifes  in  the  block  where 

O 

they  are  placed.  A new  rope  of  i inch  diameter,  going 
over  a pulley  3 inches  diameter,  and  pulled  with  a force 
equal  to  5 pounds,  requires  a force  of  i pound  or  upwards 
to  bend  it ; and  a rope  2 inches  diameter  requires  4 times  as 
much  force. 

Wood  greafed,  or  metal  oiled,  have  nearly  the  fame 
friction ; and  the  fmoother  they  are,  their  fridtion  is  the 
Icfs.  Yet  metals  may  be  fo  highly  polifhed,  as  to  have  their 
friction  increafed  by  the  cohefion  of  their  parts. 

Wood  Aides  eafier  upon  the  ground  in  wet  weather  than 
in  dry  ; and  eafier  than  an  equal  weight  of  iron  in  dry  wea- 
ther : but  iron  Aides  eafier  than  wood  in  wet  weather.  Iron 
cw'fteel  running  in  brafs  has  the  lealt  friction  of  any.  Lead 
makes  a great  deal  of  refiltance.  In  wood,  acting  upon 
w'ood,  greafe  makes  the  motion  at  leaA;  twice  as  eafy. 
Wheel-naves,  greafed  or  tarred,  go  four  times  as  eafy  as 
when  wet.  Smooth  foft  wood,  moving  upon  fmooth  foft 
wood,  has  a fri£lion  equal  to  about  a third  part  of  the  weight. 
In  rough  W'ood,  the  friclion  is  almoft  equal  to  half  the 
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weight.  In  foft  wood  upon  hard,  or  hard  upon  foft,  thd 
fri£lion  is  equal  to  about  a Hfth  part  of  the  weight. 

In  polifhed  ftcel,  moving  upon  poliOicd  ftcel  or  pewter, 
the  fricRion  is  about  a fourth  part  of  the  weight ; on  copper, 
a fifth  part ; and  on  brafs,  a lixth  part  of  the  weight.  Me- 
tals of  the  fame  fort  have  more  fridion  than  different  forts. 

In  general,  the  fridlion  incrcafes  in  the  fame  proportion 
with  the  weight.  The  friiflion  is  alfo  greater  with  a greater 
velocity  ; but  not  I'o  great  in  proportion  as  the  increafe  of 
velocity: 

To  have  the  friiSlion  of  machines  as  little  as  poHlble,  they 
oiicrht  to  be  made  of  the  fewell  and  fimplell  parts.  The 
diameters  of  the  wheels  and  pullies  ought  to  be  large,  and 
the  gudgeons  of  the  axles  as  finall  as  can  be  conlifl:-ent  w'itii 
the  required  flrength.  I'he  fidcs  of  the  pullies  ought  not  to 
he  all  over  flat,  but  to  have  a fmall  rifiiig  in  the  middle,  to 
keep  them,  from  rubbing  again!!  e.ach  other’s  fidcs,  and 
atrainf!  the  fides  of  their  mortifes,  at  a difiance  from  their 
axle.  All  tlte  cords  and  ropes  ought  to  be  as  pliant  as  pof- 
.lible ; and,  for  that  end,  rubbed  with  greafe.  The  teeth  of 
the  wheels  Ihould  jtift  fit  and  fill  the  openings,  fo  as  not 
to  be  fqueczed  nor  fliaked  therein.  All  the  parts  which 
work  into,  or  upon  one  another,  ought  to  be  fmooth  ; the 
gudgeons  ought  juil  to  fit  their  holes,  and  the  working 
parts  muft  be  greafed.  The  rounds  Or  ftaves  of  the  trundles 
_ may  be  made  to  turn  about  upon  iron  fpindles,  fixed  in  the 
round  end  bo-^rds,  which  will  take  off  a great  deal  of 
■ friclion. 


Let 
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Let  tlic  nTenc;th  of  all  parts  bei)i  proportion  to  the  flrcfs 
riiev  are  to  -bear,  i'o  as  they  may  lalt  equally  ^vcll.  Hr  is  by 
no  means  a perfed  mechanic  who  only  adjufls  the  ilrengtii 
to  the  ftrefs,  if  he  does  not  contrive  all  the  parts  to  lad 
lb  as  that  one  ihall  not  fall  before  another. 

When  any  motion  is  to  be  long  continued,  contrive  the 
machine  fo,  as  that  the  working  power  may  always  move 
to  a£l  one  way,  if  it  can  be  done : for  this  is  better  and 
eafier  performed,  than  >vhen  the  motion  is  interrupted  by 
the  power’s  being  forced  to  move  firft  one  way  and  .then  ano- 
ther ; becaufe  every  new  change  of  motion  requires  a new 
atklilional  force  to  effedl  it ; and  a body  in  motion  cannot 
fuddenly  receive  a contrary  motion  without  great  violence, 
and  danger  of  tearing  the  machine  to  pieces.  But,  when  the 
nature  of  the  thing  requires  that  a motion  fliould  fuddenly 
he  communicated  to  a body,  or  fuddenly  dopt ; let  the  force 
sQ.  acainfl;  feme  fpring,  to  prevent  the  machines  being  oa- 
magedby  a fuddenjolt. 


When  a machine  is  moved  by  two  handles,  or  winches, 
on  the  ends  of  an  axle,  the  handles  are  fo  placed  as  that 
when  the  one  is  up  the  other  is  down  ; which  is  tue  word 
way  poflible  of  placing  them,  lave  that  of  their  being  lioth 
up  or  down  together,  hor,  when  a man  raifes  a weight  by 
means  of  turning  a winch,  he  loles  half  his  force  when  the 
vvincli  is  upward  ; bccaidc  he  pulhes  himlelf  asrnuchback- 
aril  as  he  puflies  the  winch  forward  ; and  when  tne  handle 
of  the  winch  is  down,  dircdlly  bciow  the  axle,  he  lofcs 
half  his  force  ^ hecaufc  the  winch  pulls  him  as  much  toward 
it  as  he  pulls  it  toward  him  ; and,  therefore,  the  greal^-lf  cf- 
fedt  of  his  force  on  the  mach.ine  is  when  he  either  pulis  the 
winch  upward,  on  the  fide  of  the  axle  next  to  him,  or 
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puOies  it  downward  on  the  fide  farthefl;  from  him.  Yet, 
even  in  thefe  cafes,  the  pulling  force  is  Wronger  than  the 
pufliing. 

In  order  to  rcnicdy  this  defect  as  much  as  poffible,  the 
handles  fhould  be  fo  placed  as  to  Hand  at  right  angles  to  one 
another ; and  then,  when  there  is  a man  at  each  handle,  the 
effeit  of  the  one  man’s  force  will  be  greatell  when  the 
cffe£l  of  the  other  man’s  is  lead  upon  the  machine.  Where- 
as, in  the  common  way  of  placing  thefe  handles,  when  the 
cfFedt  of  one  man’s  force  is  the  greatell,  the  other  man’s  is 
fo  too  ; and  when  the  effe£l  of  that  man’s  force  is  the  lead,  fo 
alfo  is  the  other’s ; which  is  working  at  the  greatell  difad- 
vantage  polTible. 
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In  the  CovfiruQion  of  Water  ?AUh,  it  will  he  neceffary  to  ob^ 
Jerve  the  folloiving  Rules. 

I.  A /TEA  SURE  the  perpendicular  height  of  the  fall  of 
water,  in  feet,  above  that  part  of  the  wheel  o.n 
which  the  water  begins  to  a6l,  and  call  that  the  height  of 
the  fall. 

II.  Multiply  this conflant  number  64,2882  by  the  height 
of  the  fall  in  feet,  and  the  fquare  root  of  the  produdl  fhall 
be  the  velocity  of  the  water  at  the  bottom  of  the  fall,  or 
the  number  of  feet  that  the  vyater  there  moves  per  fe- 
cond. 

III.  Divide  the  velocity  of  the  water  by  three,  and  tlie 
quotient  fhall  be  the  velocity  of  the  float-boards  of  the  wheel ; 
or  the  number  of  feet  they  muff  each  go  through  in  a fe- 
cond,  when  the  water  adts  upon  them  fo  as  to  have  the 
greatefl:  power  to  turn  the  mill. 

IV.  Divide  the  circumference  of  the  wheel  In  feet  by  the 
velocity  of  its  floats  in  feet  per  fecoiul,  and  the  quotient 

Ihall  be  the  number  of  fccond's  in  which  the  wheel  turns 
round. 
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V.  By  this  lafi:  number  of  feronds  divide  6o,  and  thp- 
t quotient  lhall  be  the  number  of  turns  of  the  wheel  in  a mi- 
nute. 


VI.  Divide  120  (the  number  of  revolutions  a millitonc 
4 feet  diameter  ought  to  have  in  a minute)  by  the  number 
of  turns  of  the  wheel  in  a minute,  and  the  quotient  (hail 
be  the  number  of  turns  the  millllone  ought  to  have  fey  one 
turn  of  the  wheel. 

VIL  Then,  as  the  nupibcr  of  turns  of  the  wheel  in  a 
minute  is  to  the  number  of  turns  of  the  millilone  in  a mi- 
mitc,  lo  muft  the  number  of  (laves  in  the  trundle  be  to  the 
number  of  cogs  in  the  wheel,  in  the  nearell  whole  num- 
bers that  can  be  found. 

By  thefe  rules  the  following  table  is  calculated  to  a water 
wheel  iS  feet  diameter,  which,  I apprehend,  may  be  a 
good  fize  in  general. 

waicr.  ' To  afeertatn  the  force,  or  power  of  any  moderate  rrrcain 
of  water,  let  the  lame  be  obdni61cd  by  a dam  acrofs  the 
llrcam,  io  as  to  force  all  th.e  water  tb.rotiglt  a trough  or 
open  fpout  into  a iar^c  velfel  or  refervoir  ; by  meafuring  Co 
much  water  as  fltali  be  received  as  above,  in  atiy  given  time, 
viz.  afecond,  minute,  Stc.  and  multiplying  the  lame  by  the 
number  of  feconds  or  minutes  in  an  hour,  the  whole  force 
or  impulfe  of  fuch  dream  of  water  per  hour,  at  any  given 
height,  m.ay  be  readilv  aCcertained.  In  rivers  too  large  to 
be  meaCured  as  above,  the  force  or  impulie  may  be  calculated 
from  the  fpace  that  a (Iratv,  Hoating  upon  the  Curface  of  the 
water,  in  any  given  time,  and  at  a medium  depth  au:i 
width  of  the  river,  will  dclcribc. 
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The  Mill  Wris^Ms  Table. 

o 


^ 2. 
— oH 
o “ 

o 

Veiocitv  ot 
tlie  tall 
ol'  water 
per  le- 
cond. 

Velocity  of 
the  wheel 
per  fe- 
cond. 

Revolutions 
of  the 

wheel  per 
minute. 

Revolution 
of  the 
millftone 
tor  one  of 
the  wheel 

Cogs  in  the 
wlieel,  and 
Ifaves  in 
tlie  trundle 

R*3volutinii.s 

ol  ihe  mill  - 
ftonc  per 
minute  by 
tliefe  Haves 
and  Cogs. 

0 

G> 

0 

0 

a 

0 - 
•-n  0 

r& 

2-,  5 

n 

0 

CO 

‘XJ 

0 

0 •“ 
*-n  0 

*Tj 

P 0 

0 

6 

S3  0 

6 

S3  0 

P 

o_^ 

ftj  0 

O 

c * ^ 
c 

r*  5? 

2. 

parts 

loot. 

§. 

0 

t/J 

• 

(/3 

0 

parts 

rev. 

cn 

c/3 

ei 

t/3 

c 

r*T 

0* 

D 

c/3 

0 p 

* </) 

I 

8 

02 

2 

67 

2 

83 

42 

40 

254 

6 

IJ9 

84 

2 

1 1 

34 

3 

78 

4 

00 

30 

00 

2 1 0 

7 

J 20 

00 

3 

G 

89 

4 

63 

4 

91 

24 

44 

196 

8 

J 20 

28 

4 

1 6 

04 

5 

35 

5 

67 

2 1 

1 6 

190 

9 

119 

•74 

S 

G 

93 

5 

98 

6 

34 

18 

92 

170 

156 

9 

119 

68 

6 

G 

64 

6 

55 

6 

94 

G 

28 

9 

120 

20 

7 

21 

2 1 

7 

07 

7 

• 50 

1 6 

00 

144 

9 

1 20 

00 

8 

22 

68 

7 

56 

8 

02 

H 

96 

G4 

9 

119 

34 

9 

^4 

05 

8 

02 

8 

r I 

j 

14 

10 

146 

16 

119 

G 

lO 

2? 

35 

8 

45 

8 

97 

G 

38 

G4 

j 0 

1 20 

I 8 

1 1 

26 

59 

8 

86 

9 

40 

I 2 

76 

1 28 

10 

1 20 

32 

I 2 

27 

77 

9 

16 

9 

82 

1 2 

22 

122 

10 

119 

80 

G 

28 

91 

9 

64 

1 0 

22 

1 1 

74 

1 1 8 

10 

120 

-’6 

H 

30 

00 

10 

00 

JO 

60 

1 1 

.32 

1 1 2 

10 

1 1 8 

72 

G 

31 

05 

10 

35 

10 

99 

1 0 

92 

1 10 

10 

1 20 

96 

i6 

32 

07 

10 

09 

1 I 

34 

10 

5« 

iqS 

J 0 

I 20 

20  j 

G 

33 

06 

1 1 

02 

1 1 

70 

10 

26 

1 02 

10 

119 

34  ! 

i8 

34 

02 

1 1 

34 

I 2 

02 

9 

98 

100 

10 

1 20 

20  , 

G 

34 

95 

1 1 

65 

1 2 

37 

9 

70 

98 

J 0 

121 

22 

20 

35 

86 

1 1 

95 

1 2 

68 

9 

46 

94 

1 0 

119 

1 8 

1 

2 

3 

4 

> 

6 

7 

! 

1 

AN  iNTRODUCTION  TO 

To  conftrud  a mill  by  this  table,  find  the  height  of  the 
fall  of.  water  in  the  fiirt  column,  and  againlt  that  height  in 
the  fixlh  column,  you  have  the  number  of  cogs  in  the 
Vvheel,  and  ftaves  in  the  trundle,  for  caullng  the  millftoae 
4 feet  6 inches  diameter,  to  make  about  120  revolutions  in 
a minute,  as  near  as  pofliblc,  when  tl.e  wheel  goes  with 
one  thini  part  of  the  velocity  of  the  water.  And  it  ap- 
■pears  by  the  7th  column,  that  the  number  of  cogs  in  the 
wheel,  and  ftaves  in  the  trundle,  are  fo  near  the  truth  for 
the  required  purpofe,  that  the  leaf!  number  of  revolutions  of 
the  millllone  in  a minute  is  118,  and  tltc  greateft  number 
never  exceeds  121  ; which  is  according  to  the  fpeed  of  fome 
of  the  beft  mills  I have  yet  feen. 

A lefs  quantity  of  water  will  turn  an  overfliot,  than 
w hat  will  turn  an  underflvot  or  breafl:  w'heel ; as  an  over- 
fhot  is  adluated  by  the  flatical  weight,  or  gravity,  and  the 
underfhot  or  breafl  by  impirife  only ; fo  that  where  there  is 
but  a fmall  quantity  of  w atcr,  and  a fall  great  enough  for 
the  wheel  to_lie  under  it,  the  overfhot  wheel  is  always 
ufed.  But  w here  there  is  a large  body  of  water,  and  little 
fall,  the  underfltot  wheel  mufl  take  place.  Where  tlie  wa- 
ter runs  only  upon  a little  declivity,  it  can  a6l  but  flovvly 
upon  the  under  part  of  the  W'heel ; in  w'hich  cafe,  the  mo- 
tion of  the  wheel  wdll  be  very  flow : and  therefore,  the  float- 
boards  ought  to  be  very  long,  though  not  higli,  that  a large 
body  of  water  may  a6l  upon  them  ; fo  that  what  is  wanting 
in  velocity,  may  be  made  up  in  power  ; and  then  the  cog- 
wheel may  have  a greater  number  of  cogs,  in  proportion  to 
the  rounds  in  the  trundle,  in  order  to  give  the  millllone  a 
fufficient  degree  of  velocity. 
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The  Method for  Jetting  out  a Spur  Wheel  and  Wallowcr. 

TAR.\W  the  pitch  lines  A i,  B i,  A 2,  2 then  Plate  li, 
divide  them  into  the  number  of  teeth  or  cogs  required;^ 
as  a b c. 

Divide  one  of  thofe  diftances,  as  b c,  into  feven  equal 
parts,  as  1,2,  3,  4,  5,  6,  7 ; three  parts  allow  for  the  thick- 
nefsof  the  cogs,  as  i,  2,  3 in  the  cog  a,  and  four  for  the 
thicknefs  of  the  ftave,  of  the  wallower  (one  reafon  for  al- 
lowing three  parts  for  the  cog,  and  four  for  the  ftave,  is,  the 
•wallower  is  in  general  of  lefs  diameter  than  the  wheel, 
therefore  fubjeft  to  more  wear  in  proportion  of  tlie  number 
of  cogs,  to  the  number  of  flaves ; but  if  there  is  the  fame 
number  of  Haves  as  of  cogs,  they  may  be  of  equal  thicknefs) 
as  1 , 2,  3, 4,  in  the  Have  m,  Fig.  2 ; the  height  of  the  cog  is 
equal  to  four  parts ; then  divide  its  height  into  five  equal 
parts,  as  I,  2,  3,  4,  5,  in  the  cog  C ; allow  three  for  the 
bottom  to  the  pitch  line  of  the  cog  ; the  other  t\vo  parts  for 
epicycloid,  fo  as  to  Ht  and  bear  on  the  Have  equally.  The 
millwrights  in  general  put  the  point  of  a pair  of  compaHes 
in  the  dot  3,  of  the  cog  a,  and  flrike  the  line  d,  e ; then  re- 
move the  point  of  the  compaHes  to  the  point  d,  and  Hrike 
the  curve  line  3 f,  which  they  account  near  enough  the 
figure  of  the  epicycloid. 

The  method  for  a face  wheel  is  thus ; divide  the  pitch  Fig  a. 
line  A B mto  the  number  of  cogs  intended,  as  a b c ; divide 
the  diilance  b c,  into  feven  equal  parts  ; three  of  thofe  parts 
allow  for  the  thicknefs  of  the  cogs,  as  i,  2,  3 in  the  cog  a, 
four  for  the  height,  and  four  for  the  width,  as  d e,  and  four 
l^or  tl\c  thicknefs  of  the  Have  m ; draw  a line  through  the. 

cente;: 
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center  of  the  cog,  as  the  line  A I,  at  S;  and  on  the  point 
5,  deferibethe  lined  e;  remove  the  compaiies  to  the  point 
A,  and  draw  the  line  which  forms  the  fhape  of  the  cog  ; 
then  lliapc  the  cog  on  the  Tides  to  a cycloid,  as  tl  c f g,  Fig. 
1.  But  this  method  of  fetting  out  the  ihape  of  a cog  is 
variable,  according  to  the  cycloid  in  dilTerent  diameters  of 
wheels. 

Spur  Nuts.  Uncommon  fpiir  nuts,  divide  the  pitch  line  A,  into  twice 
^ ^ as  many  equal  parts  as  you  intend  teeth,  as  a,  b,  c,  d,  c ; 
with  a pair  of  compaffes  opened  to  half  me  dilfance  of  any 
ofthofe  divifions,  from  the  points  a i,  c 3,  e 5,  draw  the 
lemicirclcs  a,  c,  and  e,  which  will  form  the  ends  of  the 
teeth.  From  the  points  2,  4,  and  6 draw  the  femicircles 
€ h i,  which  wdll  form  the  hollow  curves  for  the  fpaces;  but 
if  the  ends  of  the  teeth  were  epicycloids,  inltead  of  femi- 
circles, they  would  a6l  much  better. 

The  Prhidpk  of  Bevel  Geer, 

Bevel  Gccr.  j^ONSISTS  in  twocones,  rolling  on  the  furface  of  each 
F-S-  4-  other,  as  the  cone  A and  B revolving  on  their  centers 

ab.a  c, ; if  their  bafes  are  equal,  they  will  perform  their  re- 
volutions in  one  and  the  fame  time,  or  any  other  two  points 
equally  diftant  from  the  center  a,  asd  i,  d 2,  d 3,  &c,  will 
. revolve  in  the  fame  time  as  f i,  f 2,  i 'i,  &c.  In  the  like 
6.  • manner,  if  the  cones,  a d e,  be  twice  the  diameters  at  the 

bafe  d e,  as  the  cones  a f d are,  then  if  they  turn  about 
their  centers,  when  the  cone  a f d has  made  one  revolution, 
the  cone  a d e will  have  made  but  half  a revolution  ; or 
when  a f d has  made  two  revolutions,  a d e will  have  made 
but  one,  and  every  part  equally  diflant  from  the  center  a,  as 

f I, 
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f I,  f 2,  f3,  &'C.  will  have  made  two  revolutions  to  c i, 
e 2,  c 3,  and  if  the  tones  Avere  fluted,  or  had  teeth  cut 
in  them,  diverging  from  the  center  a,  to  the  bafcs  d c,  e f.  Fig, 
they  would  then  become  bevel  geer.  The  teeth  at  the 
point  of  the  cone  being  fmall  and  of  little  ufe,  may  be  cut 
off  at  E and  F,  Fig.  8,  as  feen  by  Fig.  9,  where  the  up- 
right  fliaft,  a b,  with  thebcA'el  wheel,  cd,  turns  the  bevel 
wheel,  e f,  with  its  lhaft  b g,  and  the  teeth  work  freely 
into  each  other,  as  a b Fig.  10.  The  teeth  may  be  made  F'S- 
ofany  dimenlion,  according  to  the  ftrength  required;  and 
this  method  will  enable  them  to  overcome  a much  greater 
reliffance,  and  work  fmoother  than  a face  wheel  and  wal- 
lovver  of  the  common  form  can  poflibly  do ; befides,  it  is  of 
great  ufe  to  convey  a motion  in  any  direction,  or  to  any 
part  of  a building  with  the  leafl  trouble  and  fridioii. 

The  method  of  conveying  motion  in  any  direiTtion,  and 
proportioning  or  ffiaping  the  wheels  tlicreto,  is  as  follows: 
let  the  line  a b,  reprefent  a flialt  coming  from  a wheel;  Fig. 
draw  the  line  c d to  interfecl  the  line  a b,  in  the  dire£lion, 
that  the  motion  to  be  conveyed  is  intended,  which  will  now 
reprefent  a flialt  to  the  intended  motion. 

Again,  fuppofe  the  fliaft  c d is  to  revolve  three  time.^, 
whillt  the  fliaft  a b revolves  once,  draw  the  parallel  line  i i, 
at  any  diflance  not  too  great,  fuppofe  i foot  by  a fcale,  then 
draw  the  parallel  line  k k at  3 feet  diflance,  after  which, 
draw  the  dotted  line  w x,  through  the  interfeftion  of  the 
ihafts  a b,  andc  d,  and  likewdfe  through  the  interfeilion  of 
the  parallel  lines  i i and  k k,in  the  points  x and  y ; which 
Will  be  the  pitch  line  ot  the  two  bevel  wheels,  or  the  line 
where  the  teeth  of  the  tv/o  wlicels  aiSt  on  each  other,  as  may 

F 2 be 
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Fig.  12.  befeenFig.  12,  where  the  motion  may  be  conveyed  in  anV 
direftion. 

?ig.  13.  The  univerfal  joint, as  reprefented,  Fig,  1 3 may  be  applied 

to  communicate  motion  inflaad  of  bevel  geer.  Where  the 
I'peed  is  to  be  continued  the  lame,  and  where  the  angle  does 
not  exceed  30  or  40  degrees,  and  the  equality  of  motion  is 
not  regarded,  for  as  it  recedes  from  a right  line,  its  motion 
becomes  more  irregular.  This  joint  may  be  conftrufled  by 
a crofs,  as  reprefented  in  the  figure ; or  with  four  pins 
faftened  at  right  angles  upon  the  circumference  of  a hoop, 
or  folid  ball,  it  is  of  great  ufe  in  cotton  mills  where  the 
tumbling  fhafts  are  continued  to  a great  diftance  from  the 
moving  power.  But  by  applying  this  joint,  the  lhafts  may 
be  cut  into  convenient  lengths,  by  which  it  will  be  enabled 
to  overcome  geater  refiflance. 

To  dejerihe  the  Cycloid  and  Epicycloid,  of  UJe  in  Shaping  the 
Teeth  of  JVheeh,  See. 

pig,  ] 

T F a point  or  pencil  a,  on  the  circumference  of  the  circle 
B,  proceeds  along  the  plane  a C,  in  a right  line,  and 
at  the  fame  time  revolves  round  its  center,  it  will  deferibe  a 
cycloid. 

J5'  And,  if  the  generating  circle  D,  moves  along  the  cir- 
cumference of  another  circle  E,  and  at  the  fame  time  turns 
round  its  center,  the  point  o^  v/ill  deferibe  an  epicycloid. 
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Brief  Hiftory  of  Eleftricity. 

t 

•'^I^HOUGH  it  is  certain  ever  fince  the  creation  of  the 
^ world  the  ele£lric  fluid  had  all  the  operations  it  has  at 
prefent ; yet,  thedlfcovery  of  its  adion  and  even  of  its  ex- 
iftence  is  (comparatively  fpeaking)  of  a very  late  date. 

Thales  the  Milefian,  who  lived  600  years  before  Chrift,  Eledtricity 
was  the  firft  who  obferved  the  eledrical  properties  of  am- 
ber.  Of  thefe  Indeed,  he  knew  no  more  than  that  this  ed, 
fubflance  w^ould  attrad  light  bodies  when  it  was  rubbed. 

For  300  years  after  his  time,  we  hear  nothing  further 
concerning  this  fubjed.  Theophraflus  then  tells  us  that 
the  Lyncurium  (now  called  the  Tournmlhi)^  has  the  pro- 
perty of  attrading  light  bodies,  as  well  as  amber  From 
this  time  there  is  a chafln  in  the  hiftory  of  eledricity  for 
1900  years.  It  was  in  the  beginning  of  the  17th  century 
that  the  fubjed  of  eledricity  became  a diftind  fcience,  and  ^'0^011! 
the  foundation  was  laid  of  thofe  difeoveries  (w'hich  have 
fince  taken  place;)  by  Dr.  William  Gilbert,  an  Engliih  phy- 
fleian,  who  may  juftly  be  called  the  father  of  eledricians; 
in  the  year  i6co  he  wrote  a book  L)e  Aiagnetie  tvhich  con- 
tains a variety  of  eledrical  experiments.  All  thefe  how- 
ever, confldered  only  the  attradive  property  of  certain  fub- 
ftances,  which,  from  their  agreement  in  this  refped  v/ith 
amber,  were  called  eledric.  Dr.  Gilbert’s  merit  confifts  inr 
hiS  having  been  at  great  pains  to  find  out  a number  of  fuch 
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fubftn  nces,  and  thus  conlldcrably  enlarge  the  number  of 
ele^lrics. 

Mr.Boyie’s  'pill  the  year  1670,  it  docs  not  appear  that  any  farther 
improve-  ^ ‘ ^ 

incuts.  difeoveries  were  made;  except  Tome  trifling  additions  to 
the  Catalogue  of  eledrics.  About  this  time  Mr.  Boyle 
applied  hittifelf  to  the  ftudy  of  eledrlcity,  he  enlarged  the 
catalogue  of  eledlrics ; and  found  that  their  elcdlric  pro- 
perties were  increafed  by  warming  and  wiping  them  before 
they  were  rubbed^  . . 

'/ 

Guericke,  however,  who  w^as  cotemporary  wdih 
Guericke.  Mr.  poyle,  improved  the  fcience  much  farther.  He 
made  ufe  of  a fulphur  globe,  whirled  on  an  axis,  much 
like  our  prefept  glafs  globes  ; by  which  means  he  excited  a 
greater  power  of  eledlricity  than  any  of  his  predeceflbrs, 
and  tried  all  their  experiments  to  much  more  advantage. 
He  difeovered  the  eleblric  repulfion  ; and  not  only  faw  the 
electric  light  more  clearly  than  Mr.  Boyle,  but  heard  the 
hiffinG[  found  with  w'hich  it  is  emitted.  He  alfo  made 
another  remarkable  difeovery,  but  which  has  fince  been 
very  generally  overlooked;  viz.  that'  a feather,  when  re- 
pelled by  an  excited  eledlric,  always  keeps  the  fame  face 
towards  the  body  which  repells  it,  as  the  moon  does  to  the 
earth. 

bySi^Sc  of  any  moment  was  made  by  Sir 

Newton.  Ifaac  Newton;  who  obferved,  that  the  eleflric  attrac- 
Hawks-  tion  and  repulfion  penetrated  through  glafs.  In  the  year 
provements  1 7^9  ^ treatifc  was  written  on  eleclricity  by  Mr.  Hawkfbee  ; 

who  not  only  far  excelled  all  his  predecelfors  and  cotempo- 
raries, but  alfo  made  fome  difeoveries  which  well  deferve 
the  attention  of  the  moll  expert  ekdricians  at  this  day  ; 

he 
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he  was  the  firft  tliat  applied  a glafs  globe  to  the  machine, 
and  he  remarked  various  appearances  of  the  eleddric  liaht 
and  the  noife  that  accompanied  it,  together  with  a va- 
riety oi  pha^nomena  relating  to  eledlnc  attradlion  and  re- 
pulfion. 


After  his  death,  not  only  the  ufe  of  glafs  globes,  but 
even  the  ftudy  ofelcaricity  itfclf,  feems  to  have  been  pretty 
generally  laid  alide  for  lome  time.  The  reafon  of  this 
was,  that  the  recent  difeoveries  of  Sir  Ifaac  Newton,  en- 
grolTed  the  attention  of  pliiloiophers  to  fuch  a des^ree,  that 
they  had  no  leilure  for  any  other  purfuits.  FTowever,  after 
the  death  of  that  great  man,  eleddricity  began  to  revive, 
and  in  1729  a capital  difeovery  was  made  by  Mr.  Stephen 
Gre  .,  who  (by  his  curious  obfervationsj  found  out  the  Grey’, 
tllfFerence  between  electrics  and  condudtors;  who,  with  the 


airildance  ol  Mr-  Wheeler,  contributed  much  to  the  ad- 
vancement of  electricity.  Soon  after,  Mr.  Du  Fay  acci- 
dentally difeovered  the  difference  between  pofitive  and  ne-  ^y’s^dif. 
gative  eledlricity,  by  obferving  that  a piece  of  leaf  gold 
repelled  by  an  e\citcd  glafs  tube,  was  again  eagerly  at- 
tradded  to  it,  alter  it  had  touched  fome  body  which  was  not 


an  eleCiric  ^ the  fame  was  alfo  the  cafe  with  rofin,  fealing 
Wax,  fulphur,  and  a num.bcr  of  other  fubftances. 


It  may  be  obferved,  that  although  the  fcience  had,  through 
the  indefatigable  attention  of  fo  many  ingenious  perfons, 
and  by  the  difeoveries  that  were  daily  produced,  excited  the 
Ciiriofity  of  jihilofophers,  and  engaged  their  attention  ; 
yet,  as  the  caufes  of  every  thing,  whether  fmall  or  great, 
are  fcldom  much  attended  to,  if  their  effedls  are  not  parti- 
cularly ftriking  and  fingular ; fo  cledtricity  had  till  the 
year  1746  been  Audied  by  none  but  philofoplicrs,  until 
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that  capital  difcovery  of  the  vafl  accumulation  of  its  power, 
in  what  is  called  the  Leyden  Phial,  was  accidentally  made 
by  Mr.  Mufehenbroek  in  the  year  1746,  at  which  time  the 
ftudy  of  eleftricity  became  general,  and  gave  more  furprize 
even  to  philofophers,  than  any  other  fcicnce  whatever  ; 
from  the  time  of  this  difcovery,  elcftricity  became  the  ge- 
neral fubjefl  of  converfation,  and  great  numbers  of  people 
got  their  livelihood  by  going  about  and  fhewing  its  curious 
phacnomcna.  It  was  alfo  applied  medically,  and  feveral  per- 
fons  found  great  benefit  by  it,  particularly  a paralytic  perfon 
cured  at  Geneva,  another  of  a violent  pain  in  his  head,  alfo. 
a woman  of  a diforder  in  her  eyes  at  Bologna  ; fo  that  from 
this  time  wc  may  date  the  introdinSlion  of  clctSlricify  into  the 
medical  art.  It  is  impoffible  to  enumerate  all  the  happy  ef-_ 
fedfs  which  have  been  performed  in  curing  various  diior- 
ders  incident  tp  th.e  human  body  by  eledrical  appli- 
cations. 

The  fcicnce  of  elecflricity  has  fince  the  above  period  been 
greatly  improved  by  the  indefatigable  indullry  of  the  celc- 
br.ited  philofophers.  Dr.  Franklin  and  Dr.  Pricfticy  ; but  it 
would  be  endlefs  to  enumerate  all  the  improvements  that 
have  been  made  by  a great  num.ber  of  other  gentlemen,  who 
have  each  added  fomething  towards  its  advancement;  but 
whoever  would  make  himfelf  acquainted  with  the  parti- 
culars concerning  thofe  advances,  fhould  read  over  the  ela- 
borate hiftory  of  cleflricity  compiled  by  the  learned  Dr. 
Prielfley,  a work  that  wil>  inform  him  of  whatever  had  beeq 
done  relative  to  the  fubje^l  till  its  publication. 
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Of  tl.‘e  EkStric  Fluid, 

THE  earth  and  all  the  bodies  we  are  acquainted  with, 
are  I'uppored  to  Contain  a certain  quantity  of  an  exceedingly 
elalHc  and  fubtle  fluid,  which  philofophcrs  have  agreed  to 
term  elc61ric.  This  certain  quantity  belonging  to  all  bo- 
dies, may  be  called  their  natural  Ihare  ; and  To  long  as  eaclr 
body  contains  neither  more  nor  lefs  than  this  quantity,  it 
feems  to  be  wholly  dormant,  and  produces  no  faifible  ef- 
fect ; but  the  moment  that  the  equilibrium  is  diflurbed, 
and  any  body  becomes  poflefled  of  morp  or  Icfs  than  its  na- 
tural quantity,  very  remarkable  eflecls  arife  from  it.  The 
body  is  faid  to  be  eleftrified,  and  is  capable  of  exhibiting 
appearances,  which  are  aferibed  to  the  power  of  eledfricity. 

This  equilibrium  could  never  be  diflurbed,  or,  if  it  was 
diflurbed,  would  be  immediately  reltored,  and  therefore  be 
infenfible,  but  that  Ibmc  bodies  do  not  admit  the  paflage 
ot  this  electric  fluid  through  their  pores,  or  along  their  fur- 
laces,  thougii  others  do.  By  this  means,  whenever  any 
body  has  acquired  an  additional  quantity  of  eleCtric  matter, 
and  is  every  wliere  lurrounded  with  bodies  through  which 
it  cannot  pafs,  it  muff  remain  overloaded ; or,  if  it  have 
loft  part  of  what  naturally  belonged  to  it,  it  mult  remain 
cxhauflcd  ; becaiife  the  liirrounding  bodies  prevent  any  of 
the  fluid  Irom  going  to  it,  or  coming  out  of  it  j and  the 
loJy  is  then  faid  to  be  inlulatcd.  'Jdiofe  bodies,  through 
which  the  eledlric  fluid  can  pafs,  are  called  conductors, 
and  thofe  through  which  it  cannot  pafs  are  called  non-con- 
iluctors  of  electricity,  and  into  thefe  two  kinds  all  bodies 
whatever  are  clafled  by  electricians. 
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The  beft  conductors  of  eledlrlcity,  or  thofe  which  acl- 
mlt  the  cledtric  fluid  to  pafs  through  them  with  the  greatefl 
cafe,  are  metals  of  all  kinds.  And  the  moft  perfect  of  the 
non-conduding  clafs  of  bodies  are,  glafs,  rofin,  feaiing-wax, 
fulphur,  bces-wax,  and  baked  wood,  among  folids;  and 
oils  and  air  among  fluids.  But  all  fubflanccs  become  coii- 
dudors  when  they  are  made  very  hot.  They  are  alfo 
called  eledrics,  and  the  conduding  fubflanccs  are  called 
non-eledrics. 

T he  method  of  diflurbingthe  equilibrium  of  the  eledric 
fluid  in  bodies,  or  of  making  it  pafs  from  one  to  another, 
is  chiefly  fridion,  or  a flight  rubbing  of  them  'one  againll 
another.  In  this  cafe,  the  eledric  fluid  will,  in  general, 
leave  that  fubflance  which  has  the  rougher  furface,  and  pafs 
upon  the  other  which  is  fmoother ; or  it  will  leave  that  lub- 
flance  which  is  lefs  perfect  electric,  and  p^fs  upon  the  other 
which  is  the  more  pcrfpd  electric  of  the  two.  Thus,  if  I 
take  a fmooth  glafs  tube  (fuch  as  is  reprefented)  and  draw 
it  through  my  hand,  tlie  c.flect  of  that  fridion  is,  that  the 
eledric  matter  leaves  my  hand,  and  pafles  upon  the  glafs, 
where  it  will  remain,  as  an  addition  to  its  natural  quantity, 
h or  as  neither  the  glafs,  nor  the  air  w'hich  furrounds  it, 
are  condudtorsof  cledricity,  this  redundancy  of  the  eledric 
matter  cannot  pofllbly  get  away  ; but  if  my  Anger,  a piece 
of  metal,  or  any  conduding  fubflance,  he  prefented  toany 
part  of  the  glafs,  thus  overloaded  with  the  eledri  fluid,  it 
wAII  pafs  immediately  from  that  part  into  them  ; and  if  they 
be  prefented  to  every  part  of  the  tube  fuccelTively,  the  w hole 
of  this  redundant  eleclricity  will  be  difeharged,  and  every 
thing  wdll  become  jufl  as  it  was  before  the  operation.  The 
glafs,  in  this  cafe,  is  faid  to  be  excited  j becaufc  the  fridion 
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fffcms  to  excite,  or  call  up  the  eledlric  power  which  it  had 
before,  but  whicli  lay  dormant  in  it. 

In  like  manner,  when  the  globe  is  whirled  in  the  elec- 
trical machine,  the  friction  of  the  glafs  againlt  the  rubber, 
makes  the  electric  fluid,  which  was  in  the  rubber,  pafs  upon 
the  glafs,  from  whence  it  is  conveyed  to  the  prime  con- 
diuEtor,  the  points  of  which  are  prefented  to  every  part  of 
the  globe  in  fuccellion.  And,  as  the  fri£tion  is  continued, 
there  w'ill,  by  this  means,  be  a conftant  fupplyof  the  elec- 
tric matter  to  the  prime  condu£tor,  though  other  bodies  be 
prefented  to  it,  and  keep  difeharging  it  all  the  while,  in 
vifible  fparks.  The  hand  in  the  former  of  thefe  cafes,  and 
the  rubber  in  the  latter,  which  had  parted  with  their  fhare 
of  the  eleclric  fluid  to  the  glafs,  againft  which  they  were 
rubbed,  receive  an  immediate  fupply  from  the  conducing 
fubflances  in  conta£l  with  them;  and  thefe  are  again  fup- 
plied  by  the  general  mafs  of  the  fluid  that  is  lodged  in  the 
earth. 

On  the  contrary.  If  I draw  through  my  hand  a ftick  of 
fealing-wax,  a piece  of  fulphur,  or  a tube  of  rough  glafs* 
the  effedl  of  the  friflion  is,  that  a quantity  of  eledric 
matter  naturally  belonging  to  the  fulphur,  dec.  palTes  from 
it  to  my  hand,  and  the  fulphur  being  furrounded  by  the  air, 
which  is  a non-condudor,  remains  exhauhed,  and  is  ready 
to  take  fparks  of  eledric  fire  from  any  bodies  that  are  pre- 
sented to  it.  But  it  is  impofliblc  to  diftinguilh  by  the  eye 
which  way  the  eledric  matter  pafles,  its  velocity  is  fo  ex- 
tremely great.  The  fulphur  in  this  cafe,  though  deprived 
of  its  fliare  of  cledricity,  is  faid  to  be  excited  as  w^ell  as  the 
glafs  which  was  overloaded  with  ;t ; becaufe  though  the 
ilate  they  are  in  be  the  reverfe  of  one  another,  the  effeds 
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produced  by  them  arc,  in  many  refpech,  fimilar.  I'lic 
appearances  which  lead  us  to  dirtinguini  them,  will  be 
mentioned  hereafter. 


Of  EleSirtdal  AttraSiion  and  Repulfion* 

THE  rrreat  laws  of  theeleftric  fluid,  and  thofe  on  which 
all  the  phenomena  ofcledricity  depend,  arc,  that  it  is,  in  a 
much  higher  degree  than  air,  clallic,  andrepulflvc  ofitfelf; 
that  two  bodies,  having  both  of  them  cither  more  or  lefs 
than  their  natural  fharc  of  it,  repel  one  another;  but  that,  if 
one  of  them  have  more,  and  the  other  lefs  than  its  flrare, 
they  will  attract  one  another. 

Thus,  if  I hang  a bundle  of  hairs  or  feathers  upon  the 
prime  conduAor,  the  moment  I elc(51rify  them,  by  turning 
the  wheel  of  the  machine,  they  begin  to  fly  from  one 
another;  fo  that  fomc  of  them  will  fland  quite ere£l,  in  a 
beautiful  manner,  and  they  cannot  be  made  to  collapfe,  and 
be  brought  into  contact  with  one  another,  till  I difeharge 
the  conduditor,  by  taking  a fpark  from  it  with  a piece  of 
Rietal,  or  fome  other  condvj£ling  fubllance.^  A large 
plumy  feather,  alfo  grows  beautifully  turgid  when  it  is 
tleitrified,  expanding  its  fibres  in  all  dfredlions;  and  they 
collapfe  when  the  electricity  is  taken  off. 

If  I hold  in  my  hand  a bundle  of  threads,  hairs,  or  fea.- 
thers,  and  prefent  them  to  the  eledlrified  conductor,  the 
electric  fluid,  with  which  the  conductor  is  overloaded,  re- 
pels the  eledtric  fluid  from  thofe  parts  of  the  threads,  See. 
which  are  next  to  it,  yito  the  more  diftant  parts  of  thofe 
' bodies,  or  into  my  hatid,  and  fo  into  the  ground ; the  con- 
^ fequence 
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feqiience  of  which  is,  that  the  threadshaving  lefs  than  tlieir 
natural  lharc,  do  ftrongly  repel  and  avoid  one  another,  and, 
at  the  fame  time,  are  all  llrongly  attracled  by  the  conducStor, 
which  is  in  an  oppofite  Hate.  If  the  condu(Stor  had  been 
deprived  of  its  natural  (hare  of  eleilricity,  the  bodies  pre- 
lented  to  it  would  have  had  more  than  their  natural 
lhare  ^ fo  that,  Hill,  the  fame  appearance  of  mutual  repuL 
iion,  and  of  attraction  by  the  condudlor,  would  have  taken 
place:  and  univerfilly,  all  bodies  that  are  brought  within 
the  influence  of  eledlrified  bodies,  whether  they  are  fo  by 
having  more  or  lefs  than  their  natural  fhare  of  the  electric 
fluid,  become  poireffcd  of  a contrary  electricity.  E'or  the 
Came  reafon,  excited  eleftrics  of  every  kind  attraCl  all  light 
bodies  which  are  brought  within  the  fphere  of  their  in- 
fluence. 

Electrical  attraction  and  repulfion  are  exhibited  in  a very 
pleafing  manner,  by  means  of  a glafs  tube  and  a feather. 
When  the  tube  is  excited,  bv  being;  drawn  through  the 
hand,  or  a rubber,  the  feather  vv'hen  brought  near  it,  whll  be 
attracted  and  jump  to  the  tube;  then,  after  taking  fome 
time  to  get  fully  faturated  with  eleCtric  matter,  (becaufe 
being  a bad  conductor,  it  can  receive  it  but  very  flowly)  it 
will  fuddenly  jump  from  it,  and  fly  towards  the  next  con- 
ductor, upon  which  it  may  difeharge  the  redundant  elec- 
tricity it  has  acquired.  If  no  other  body  happen  to  be  in 
the  way,  It  will  tend  towards  the  ground  ; but  if  the 
electrified  tube  be  held  under  it,  it  will  {till  be  repelled,  and 
driven  into  the  middle  of  the  room,  where  it  may  be  kept 
fufpended,  or  be  driven  about  in  all  directions,  almoft  as 
long  as  a perfon  pleafes,  if  the  air  be  dry. 

Other  beautiful  effeCts  of  eleCtrical  attraction  and  repul- 
fion  are  Ihewn  at  the  prime  conductor  belonging  to 
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the  machine.  Siifpend  a plate  of  metal  from  the  condu6tor, 
which  is  fupported  by  two  pillars  of  glafs,  and  muft  be  fup- 
pofed  to  be  fupplied  with  elcftricity  from  the  globe  and 
underneath  it;  at  the  diftance  of  about  three  or  four  inches 
put  another  plate  of  the  fame  fize ; upon  the  low^cr  of 
rhefe  plates  lay  a feather,  or  a fmall  flip  of  light  paper;  and, 
as  foon  as  the  wheel  begins  to  turn,  the  feather  or  the 
paper,  will  be  attrafted,  and  jump  to  the  upper  plate  F ; 
from  which  it  will  be  immediately  repelled,  and  fly  to  dif- 
charge  itfelf  upon  the  lower  plate  P,  w'hich  is  fupported  on 
the  pedcflal  H G ; after  which  it  will  be  ready  to  be  at- 
tracted and  repelled  again.  Thus  will  the  feather,  or  paper, 
fly  from  the  one  plate  to  the  other  alternately,  and  with  in- 
conceiveable  rapidity  if  the  eleClrificalion  be  pretty  vigor- 
ous. When  the  pieces  of  paper  are  cut  into  the  figures  of 
men  and  women,  they  exhibit  a kind  of  dance,  which  is 
extremely  amufing. 

This  experiment  wdll  be  the  more  diverting,  if  it  be  ac- 
companied with  that  of  the  eledlrical  bells,  which  depends 
upon  the  fame  principle.  Four  bells,  a,  b,  c,  d,  hang  from 
brafs  rods,  communicated  with  the  prime  conduClor,  and 
auotlier  bell,  c,  fixed  on  a brafs  pedefial  A,  reaching  to  ihp 
ground ; and  four  fmall  brafs  balls,  fulpended  by  filken 
threads,  hangs  between  a,  b,  c,  d,  and  the  bell  e in  the 
middle.  The  confequence  of  this  difpofition  is,  that  the 
outermoft  bells,  which  hang  from  the  prime  conduClor  by 
brafs  chains,  are  eleClrified,  and  attracl  the  brafs  balls 
wliich  hang  by  filk ; and  the  attraClion  being  vigorous,  they_ 
are  made  to  firike  the  bells  with  fome  force,  and  make 
them  ring.  Being  then  loaded  with  eleClricity,  they  are 
iinmediately  repelled  from  thefe  outermoft  bells,  and  fly 
to  unload  themfelves  by  ftriking  upon  the  middle  bell, 
V - which 
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\rhich  is  infulated  by  the  glafs  pillar  B,  upon  the  pededal 
A ; and  from  which  the  cledlric  matter  paifcs  to  the  lloor, 
by  means  of  the  brafs  pedeftal  A.  The  brafs  balls,  which 
now  may  be  called  clappers  to  the  bells,  are  then  ready  to  be 
attraiBed  by  the  outermofi;  bells,  as  at  firfl^  and  thus  the 
ringing  may  be  continued  as  long  as  it  is  agreeable.  The 
amufement  will  be  heightened,  if  the  ele£lrician'now  and 
then  touch  the  prime  conductor  wdth  a brafs  rod,  or  with  his 
finger,  for  then  the  dancing  and  ringing  will  ceafe,  and 
will  not  be  renewed  till  his  finger  or  the  rod  be  removed. 
If  he  conceal  this  application  of  his  finger,  or  the  rod, 
with  a little  art,  the  figures  will  feein  to  dance,  and  the  bells 
to  ring,  at  the  word  of  command. 


Of  the  Eledrlc  Sparh. 

WHEN  I prefent  a piece  of  metal,  or  any  other 
good  conducting  fubftance,  to  the  overloaded  prime  con- 
ductor, the  electric  matter  will  pafs  with  violence  from 
the  one  to  the  other ; an  eleCtric  fpark,  with  the  appear- 
ance of  fire,  will  be  feen  darting  between  them,  and  a report, 
which  is  ufually  compared  to  a fnapping  noife,  will  be 
heard.  If  the  piece  of  metal  that  is  prefented  to  the  prime 
condutftor,  be  infulated,  fo  that  it  cannot  immediately  lofe 
what  it  receives,  it  will  take  only  part  of  the  charge  from 
the  prime  conduClor  (the  whole  of  the  redundant  eleClricity 
being  divided  between  them,  in  proportion  to  their  furfaces) 
and  either  of  them  will  give  z fmallcr  fpark  to  another 
body  that  is  prefented  to  them. 

W hen  any  perfon  Hands  upon  the  Hool,  with  feet  made 
oi  glafs,  or  baked  wood  (fuch  as  is  reprefented)  and  takes  7* 
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in  his  hand  a chain  faftened  to  the  prime  condu£Ior;  being 
then  infiilated,  he  may  be  confidcrcd  as  part  of  the  prime 
conductor,  and  any  part  of  his  body  will  exhibit  all  the 
fame  appearances  which  the  prime  condiidlor  itfelf  will  do, 
7'hus,  if  the  finger  of  any  perfon  {landing  upon  the  floor 
be  prefented  to  him,  a fpark  of  fire  will  feem  to  iffue  from 
him,  and  both  he  and  the  perfon  that  receives  it  will  feel  a 
paintul  fenfation,  like  a pricking;  and  the  fame  flapping 
noife  above-mentioned  will  be  heard.  Every  part  of  his 
body  will  then  attract  light  iiibltances ; and  the  bits  of 
leathers,  or  the  human  figures  above-mentioned,  cut  in 
|i:ipcr,  and  laid  on  a plate,  will  perform  the  fame  dances  that 
were  mentioned  before,  if  the  palm  of  his  hand  be  expanded 
over  them.  Alfo  the  hairs  of  his  head,  or  of  his  wig,  if 
th.cy  happen  to  be  loofc,  will  repel  one  another,  and  many 
of  them  will  {land  upright.  As  thefc  electric  (parks,  which 
arc  attended  with  a fenfation  moderately  painful,  M'ill  be 
excited  wherever  he  is  touched,  or  wherever  he  touches  any 
other  perfon,  this  experiment  will  thereby  lurnifh  very  gre^t 
diverfion. 

The  eledtric  fpark  has  not  only  the  appearance  of  fire, 

SubltanTSS  , . , r n n r • 

i>ton  rire  but  IS  Capable  ol  actually  letting  fire  to  various  fubflances 
eafily  inflamed ; but  the  inflammation  is  probably  . 
produced  by  the  rapid  motion  into  w hich  the  parts  of 
the  fubflances  are  throw'n,  by  the  adion  of  the  eledric 
tnatter  vipqn  them.  Tbps,  if  fpirits  of  wine,  be  held 
in  a fpoon,  and  an  elcdric  fpark  be  drawn  from  the 
ipoon,  fo  as  to  pals  through  any  part  of  the  fpirits,  they 
w ill  catcii  fire,  and  burn  as  if  they  had  been  lighted  by  a 
candle.  1 lie  fpoon  in  which  the  fpirits  are  contained,  mav 
either  be  connected  with  the  prime  condudor,  and  the 
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Fpark  drawn  through  them  by  a perfon  (landing on  the  floor; 
or  the  fpoon  may  be  held  by  a perlbii  Handing  on  the  floor, 
and  the  fpark  be  drawn  through  them  by  a brafs  rod,  either 
connebled  immediately  with  the  prime  condublor,  or  held 
in  the  hand  of  a perfon  (landing  on  theftool,  in  the  manner 
mentioned  above.  If  a candle  be  blown  out,  and  an  elec- 
tric fpark  be  immediately  drawn  through  the  fmoke,  it  will 
often  be  lighted  again ; but  it  requires  a pretty  (Irong  fpark, 
and  fome  degree  of  dexterity  and  experience  in  the  operator, 
to  produce  this  efledl  with  certainty.  It  will  be  more 
amufing,  and  the  etfebl  will  be  as  certain,  if  the  fpark  be 
drawn  through  the  fpirits  by  the  end  of  a perfon’s  finger. 

Not  only  are  the  fenfes  of  feeling,  feeing,  and  hearing, 
afleaed  by  eledricity,  in  the  manner  deferibed  above,  but 
it  is  even  fenfible  to  the  fmell,  and  the  taHe.  If  a pointed 
brafs  rod  be  eledlrified,  either  by  being  faflened  to  the  prime 
condudor,  or  held  in  the  hand  of  a perfon  eledrified,  and 
another  perlbn  Handing  upon  the  floor,  prefent  his  noHrils 
within  an  inch  or  two  of  the  point,  he  will  feel  a Hrong 
and  difagreeable  fmell,  like  that  of  burning  fulphur ; and 
if  he  receive  the  elcblric  effluvia  iffluing  from  the  point 
upon  his  tongue,  he  will  perceive  a taHe,  which  is  liianifeHly 
acid. 

The  machine  as  reprefented  fig.  2.  was  fuch  as  my  in- 
genious friend  the  Reverend  Mr.  Timothy  PrieHley  ufed,  on 
account  of  its  fimple  conHruaion  as  not  being  liable  to  be 
out  of  order  foon,  having  no  wheel  or  Hring  either  to  make 
any  noife  or  need  alteration  ; it  may  be  fixed  firm  on  a 
table,  and  taken  off’  in  a moment,  and  the  globe  may  be 
taken  out  with  the  greateH  eafe,  in  order  to  be  packed  up. 
When  the  infide  of  the  globe  is  lined  with  his  compofition 
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hereafter  mentioned,  it  will  produce  more  fire,  than  with 
any  other  compofition  which  I know  of. 

The  fprlng  S that  is  reprefented  in  the  plate,  is  for  thofe 
that  care  not  for  having  the  rubber  infulated,  but  thofe  that 
are  more  curious  may  have  them  made  with  the  rubber  well 
infulated,  by  aglafs  pillar,  that  will  hold  the  rubber  to  the 
back  part  of  the  globe,  as  reprefented,  Plate  IV.  Fig.  i. 


Fig.  2.  A is  a piece  of  mahogany,  9 inches  fquare,  and 

T'hc  con- 

ftrudion  of  1 inch  I quaitcr  thick,  in  which  a pedeltal  B is  fixed  ; C is 
iron  axlc  to  which  is  fixed  a brafs  cap,  and  to  which  the 
tlune.  globe  G is  firmly  cemented,  and  runs  in  a brafs  focket  E, 


through  the  middle  of  the  pedeftal  B,  and  turned  by  the 
handle  H. 


R is  the  rubber  which  is  made  of  a piece  of  wood  cut  to 
the  curve  of  the  globe,  to  which  is  fixed  a leather  covering, 
which  being  at  a little  diftance  from  the  wood  in  the 
middle ; it  will  yield  to  the  prefiure  of  the  globe  the 
better. 


On  this  leather  is  another  leather,  which  will  take  off  by 
taking  out  a pin ; on  this  the  amalgam  is  rubbed,  and 
being  fo  eafily  taken  off,  is  more  readily  brought  into  order 
than  thofe  which  have  only  one  leather,  and  that  fixed  to  the 
rtibber.  To  this  outermoft  leather,  is  fixed  a piece  of  black 
filk,  which  reaches  half  round  the  globe,  and  greatly  en- 
creafes  the  fire,  fo  that  it  will  give  fire  well,  if  the  rubber 
fcarcc  touch  the  globe;  this  machine  wfillfuit  any  kind  of 
a condudor,  but  I prefer  paper  globes  covered  with  tin-foil^ 

they 
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they  being,  in  my  opinion,  the  mofl  compaft,  and  retain 
the  electrical  effluvia  better  than  any  other  lhape. 


Of  the  Infuence  of  Points  in  Electricity. 

THE  more  acutely  pointed  any  bodies  are,  the  more 
eafily  do  they  take  or  part  with  the  eleCtric  matter.  Thus, 
if  a needle,  or  lliarp  pointed  wire,  be  faftened  to  the  prime 
conductor,  it  will  retain  but  a fmall  degree  of  eleCtricity, 
and  confcquently,  will  give  but  a fmall  fpark,  when  the 
finger  or  piece  of  a metal,  is  prefented  to  it.  Alfo,  if  the 
needle,  or  fharp  pointed  wire,  be  held  in  the  hand  of  a per- 
fon  (landing  upon  the  floor,  and  prefented  to  the  conductor, 
it  will,  likewife,  be  found  to  retain  but  a fmall  degree  of 
electricity.  In  the  former  of  thefe  cafes,  while  the  needle 
was  in  contaCl  with  the  prime  conductor,  the  eltCtric  matter 
went  off  at  the  point,  and  was  difperfed  in  the  air,  or 
among  the  conducting  particles  which  are  always  floating  in 
the  common  atmofphere.  Jn  the  latter  cafe,  the  needle, 
being  prefented  towards  the  conductor,  received  the  eleCtric 
matter  from  it  at  a confidcrable  diftance. 

If  thefe  experiments  be  made  in  the  dark,  a flame  will  be 
feen  at  the  point  of  the  needle  or  wire^  but  the  appear- 
ances of  the  fire  will  not  be  the  fame  in  both  cafes,  but 
confiderably  different ; fo  that  it  may  always  be  perceived 
by  the  eye,  whether,  according  to  the  common  theory,  the 
point  be  receiving  or  giving  out  the  eleClric  matter. 

I f the  fltarp  pointed  wire  be  giving  out  the  elcCtric  matter, 
the  flame  will  be  large ; the  parts  of  which  it  confiits  will 
be  fewer ; and,  if  the  point  be  not  very  acute,  a kind  of 
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fnapping  noife  will  be  heard  as  the  cledirir  matter  Is  HTuing 
out  of  it  into  the  air:  whereas,  if  the  pointed  wire  be  receiv- 
ing the  cledric  matter,  the  flame  will  be  much  fmaller,  and 
more  globular  ; the  parts  of  which  it  confills  will  be  more 
in  number,  and  the  noife  that  is  made  will  be  a kind  of 
hifllng ; the  flame  iflTuing  from  a body,  on  account  of  its 
oblong  form,  is  called  a pencil ; and  when  the  rays  come 
to  a point  they  projefl:  more  equally  from  the  center,  and  it 
is  then  called  aftar. 

The  reafon  why  pointed  bodies  tranfmit  the  deiRric  fluid 
with  fo  much  eafe,  has  not  yet  been  thoroughly  explained, 
but  the  effeds  of  it  are  exceedingly  remarkable.  The  ca- 
pital life  that  has  been  made  of  this  obfervation,  has  been, 
to  draw  the  eleftric  matter  from  the  clouds,  and  thereby  to 
prove,  that  lightening  and  eledricitv  are  the  fame  thing. 
For  if  a long  rod,  or  pole,  \<>ith  a (harp  pointed  wire  at  one 
end  of  it,  be  fupported  by  eledric  fubitances,  the  point, 
projefting  towards  the  clouds,  will  draw  the  eledric  mat- 
ter from  them,  and  become  fenfibly  charged  with  electricity ; 
juft  as  it  w’-ould  have  been  from  being  conneCled  with  the 
prime  conduCtor  of  an  elcCtrical  machine.  It  will  attraCl 
light  bodies,  fparks  of  eleCtric  matter  may  be  drawn  from  it, 
and  it  will  exhibit  every  other  appearance  of  common  elec- 
tricity ; as,  on  the  other  hand,  by  common  eleClricity,  we 
can  produce,  in  miniature,  all  the  known  efteCts  of 
lightening. 

Several  amuflng  experiments  depend  on  this  property  of, 
pointed  bodies,  to  tranfmit  the  eleCtric  fluid.  If  a plate  of 
tin  be  cut  into  the  form  of  a ftar,  and  be  fupported  on  its 
center  D by  a wire  projecting  from  the  prime  conduClor 
A B ; as  foon  as  the  wheel  of  the  machine  is  turned,  and. 

this 
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this  apparatus  eledrificd,  a flame  w iU  appear  at  the  extre- 
mity of  every  angle  of  the  ftar,  which  will  be  very  beauti- 
ful ; and  if  tlie  liar  be  made  to  turn  fwiftly  on  its  center,  an 
entire  circle  of  tire  will  be  feen  in  the  dark.  This  experi- 
ment will  be  very  furprifing  to  perfons  unacquainted  with 
eleflricity,  if  the  operator,  now  and  then  privately  touch 
the  prime  com'u6lor,  which  may  eafily  bemanaged,  as  it  is 
performed  in  the  dark,  for,  by  this  means,  he  may  com- 
mand the  appearing  or  difappearing  of  the  ftar,  or  circle  of 
fire,  at  pleafure. 

If  two  fliarp  pointed  wires  be  bent,  with  the  four  ends 
at  right  angles,  in  the  fame  plane,  but  pointing  different 
ways,  and  be  made  to  turn  upon  a center  D ; the  moment 
it  is  electrified,  a flame  will  be  feen  at  the  points  abed; 
but  what  is  moft  furprifing  in  the  experiment  is,  that  the 
wire  will,  at  the  fame  time,  begin  to  turn  round,  in  the 
direclion  oppofite  to  that  to  which  the  points  are  turned,  as 
if  fome  vifible  power  acted  upon  the  points  and  puftied 
againft  them  ; and,  if  the  electrification  be  continued,  the 
motion  wdll  prefently  become  very  rapid. 

If  the  figures  of  horfes,  cut  in  paper,  be  faftened  upon 
thefe  w'ires,  and  they  be  fo  contrived,  that  the  points  fiiall  horfe-race. 
be  in  their  tails,  the  experiment  will  be  very  beautiful ; the 
horfes  will  feem  to  purfue  one  another,  though  without  a 
polfibility  of  any  of  them  overtaking  the  reft;  and  this 
is  called  the  eledtrical  horfe-race.  It  is  poflible  to  make 
fcveral  of  thefe  wires,  each  having  a confiderable  number  of 
points  bent  backwards,  with  horfes,  &c.  faftened  to  each  of 
them,  and  turning  one  above  another ; and  then,  fome  of 
them  may  be  contrived  to  move  fafter  than  the  others.  They 
fpay  alfo  be  made  to  move  different  ways. 

Pro. 
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Promijcuous  Experiments. 

THE  reader  in  the  courfe  of  this  work  muft  obfcrve  in 
feveral  of  the  experiments  already  defcribed,  the  remarkable 
property,  that  points  have,  both  of  throwing  off,  and  re- 
ceiving filently  the  eledlric  fluid ; but  hereafter  I fliall  de- 
fcribe  fome  more  curious  experiments  of  this  kind,  by  which 
the  influence  of  points,  in  refpe£l  of  eledricity,  may  be 
better  underftood,  and  which  may,  in  a more  particular 
manner,  demonflrate  the  utility  of  metallic  conductors  to 
houfes,  or  piles  of  building,  in  order  to  preferve  them  from 
the  damage  often  occaConed  by  a flroke  of  lightening, 
which  is  one  of  the  grcateft  benefits  that  mankind  has  re-^ 
ceivedfrom  the  fcienccof  eleCtricitjr, 


The  Dancing  Balls, 

Evprri-  F I X a pointed  wire  upon  the  prime  conduCtor,  with  the 
’ point  outward ; then  take  a glafs  tumbler,  grafp  it  with 
your  hands,  and  prefent  its  infide  furface  to  the  point  of  the 
wire  upon  the  prime  conduClor,  while  the  machine  is  in' 
motion  ^ the  glafs  in  this  manner  will  foon  become  charged  ; 
for  its  infide  furface  acquires  the  eleClricity  from  the  points 
and  its  outfide  lofcs  its  natural  quantity  of  elcCtric  fluid 
through  the  hands,  which  ferve  as*  a coating.  This  done^ 
put  a few  pith  balls  upon  the  table,  and  cover  them  with 
this  charged  glafs  tuinbler.  The  balls  will  immediately 
9>  begin  to  leap  up  along  the  fides  of  the  glafs,  as  reprefented, 
and  will  continue  their  motion  for  a confiderablc  time. 

In  this  experiment  the  pith  balls  are  attraCled  and  re-" 
pelled  by  the  eleClric  fluid  fuperinduced  upon  the  infide  fur_  - 

face 
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faccoftheglafs,  which  they  gradually  condu(51;  to  the  table, 
or  other  condu6ling  body  upon  which  the  glafs  is  fet ; at 
the  lame  time  that  the  outward  furface  of  tlie  glafs  acquires 
the  eledric  fluid  from  the ' contiguous  air.  This  experi- 
ment may  be  made  more  diverting  by  having  a glafs  cylin- 
der three  inches  long,  and  the  fame  in  width,  open  at  both 
ends,  with  a brafs  plate  fixed  on  its  top  ; put  any  number 
of  balls  you  pleafe,  and  elcdrify  the  brafs  cover,  and  the 
balls  will  dance  with  a very  rapid  motion,  which  will  con- 
tinue as  long  as  the  operator  turns  the  machine. 


prove  that  Glafs  and  other  eledirics  become  Conduciors, 
when  they  are  made  very  hot. 

I N order  to  afcertain  the  conduding  quality  of  hot  re- 
finous  fubitances,  oils,  &:c.  bend  a glafs  tube  in  the  form  of 
an  arch  C E F D,  and  tie  a filk  firing  G C D to  it,  which 
fervesto  hold  it  by,  when  it  is  to  be  fet  near  the  fire  ; fill  the 
middle  part  of  this  tube  with  rofin,  fealing-wax,  &c.  then 
introduce  tw’o  wires  A E,  B F through  its  ends,  fo  that  they 
may  touch  the  rofin,  or  penetrate  a little  way  in  it.  This 
done,  let  a perfon  hold  the  tube  over  a clear  fire,  fo  as  to 
melt  the  rofin  within  it ; at  the  fame  time,  by  conneding 
one  of  the  wires  A,  or  B with  the  outfide  of  a charged 
jar,  and  touching  the  other  with  the  knob  of  the  jar,  en- 
deavour to  make  the  difcharge  through  the  rofin,  and  you 
will  obferve  that,  while  the  rofin  is  cold,  no  fhocks  can  be 
tranfmittcd  through  it ; but  it  becomes  a condudor,  ac- 
cording as  it  melts,  and  when  totally  melted,  then  the 
Clocks  will  pafs  through  it  very  freely. 

The 
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Experi- 
ment III 
fig.  II. 


Tl^e  Thunder  Houfe. 

I San  inflrument  reprefenting  the  fule  of  a houfe,  either 
furnilhed  with  a metallic  condu£lor,  or  not ; by  which  both 
the  badcffedls  of  lightening  ftriking  upon  a houfe  not  pro- 
perly fecured,  and  the  ufefulnefs  of  metallic  condudtors, 
may  be  clearly  reprefented.  A is  a board  about  three  quar- 
ters of  an  inch  thick,  and  fhaped  like  the  gable  end  of  a 
houfe.  This  board  is  fixed  perpendicularly  upon  the  bot- 
tom board  B,  upon  which  the  perpendicular  glafs  pillar  C 
D is  alfo  fixed  in  a hole  about  eight  inches  diflant  from  the 
bafis  of  the  board  A.  A fmall  hole  I L M K about  a quarter 
of  an  inch  deep,  and  nearly  one  inch  wide,  is  made  in  the 
board  A,  and  is  filled  with  a fquare  piece  of  wood,  nearly 
of  the  fame  dimenfions.  I mention,  nearly  of  the  fame 
climenfions,  becaufe  it  muff  go  fo  cafily  into  the  hole,  that  it 
may  drop  off,  by  the  lealt  fliaking  of  the  infirument.  A 
wire  L K is  fafiened  diagonally  to  this  fquare  piece  of  wood. 
Another  wire  I H of  the  fame  thicknefs,  having  a brafs 
ball  H,  fcrew'ed  on  its  pointed  extremity,  is  faftened  upon 
the  board  A ; fo  alfo  the  wire  M N,  which  is  fltaped  in  a 
ring  at  O.  From  the  upper  extremity  of  the  glafs  pillar 
C D,  a crooked  wire  proceeds,  having  a fpring  focket'F, 
through  which  a double  knobbed  wire  flips  perpendicularly, 
the  lower  knob  G of  which  falls  juft  above  the  knob  H. 
The  glafs  pillar  D C muft  not  be  made  very  faft  into  the 
bottom  board ; but  it  muft  be  fixed  fo  as  it  may  be  pretty 
eafily  moved  round  its  own  axis,  by  which  means  the  brafs 
ball  G may  be  brought  nearer  or  farther  from  the  ball  FI, 
without  touching  the  part  E F G.  ' Now,  when  the  fquare 

piece  of  w'ood  L M I K (which  may  reprefent  the  fliutter 
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of  n window  or  the  like)  is  fixed  into  the  hole,  fo  that  the 
wire  L K (hinds  in  the  dotted  rcprelentation  I M,  then  the 
metallic  communication  from  El  to  O is  complete,  and 
the  intfrument  reprefents  a houfe  furnifiied  with  a proper 
metallic  conductor;  but  if  the  fquare  piece  of  wood  L M 
I K is  fixed  fo  that  the  wire  L K (lands  in  the  direilion 
L K,  as  reprefented  in  the  figure,  then  the  metallic  con- 
dutflorHO,  from  the  top  of  the  houfe  to  its  bottom,  is  in- 
terrupted at  I M,  in  which  cafe  the  houfe  is  not  properly 
fecured. 

i 

Fix  the  piece  of  wood  L M I K,  fo  that  its  w’ire  maybe 
as  reprefented  in  the  figure,  in  which  cafe  the  metallic  con- 
duiflor  H O is  difcontiuued.  Let  the  ball  G be  fixed  at 
about  half  an  inch  perpendicular  difiance  from  the  ball  H, 
then,  by  turning  the  glafs  pillar  D C,  .remove  the  former 
ball  from  the  latter;  by  a wire  or  chain,  connedl  the  wire 
F F with  the  wire  Q_of  the  jar  P,  and  let  another  wire  or 
chain,  fafiened  to  the  hook  O,  touch  the  outfide  coating 
of  the  jar.  Connect  the  wire  Q_with  the  prime  condudlor, 
and  charge  the  jar ; then,  by  turning  the  glafs  pillar  D C, 
let  the  ball  G come  gradually  near  the  ball  El,  and  when 
they  are  arrived  fufficicntly  near  one  another,  you  will  ob- 
ferve,  that  the  jar  explodes,  and  the  piece  of  wood  L M 
I K is  pufiied  out  of  the  hole  to  a confiderable  difiance 
from  the  thunder  houfe.  Now  the  ball  G,  in  this  experi- 
ment, reprefents  an  eledlrified  cloud,  which  when  it  is 
arrived  fufficicntly  near  the  top  of  the  houfe  A,  the  eledlri- 
city  firikes  it,  and  as  this  houfe  is  not  fecured  with  a proper 
conclu£tor,  the  explofion  breaks  part  of  it,  i,  e.  knocks  off 
the  piece  of  wood  1 M. 
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Repeat  the  experiment  with  only  this  variation,  viz.  that 
this  piece  of  wood  I M is  fituated  fo  that  the  wire  L K 
rnay.ftafid  in  the  fituation  I M,  in  which  cafe  the  conductor 
H O is  not  difeontinued ; and  you  will  obfer\T,  that  the 
cxplofion  will  have  no  efFc£l  upon  the  piece  of  w^ood  L M ; 
this  remaining  in  the  hole  unmoved;  which  ihews  the  ufe- 
fulnefs  of  the  metallic  conduftor, 

Further,  iinfcrew  the  brafs  ball  H from  the  wire  H I, 
fo  that  this  may  remain  pointed,  and  w'ith  only  this  differ- 
ence, in  the  apparatus  repeatboth  the  above  experiments  ; 
and  you  will  find  that  the  piece  of  wood  I M Is  in  neither 
cafe  moved  from  its  place,  nor  any  explofion  will  bs 
Jieard, 


Of  ihe  EleSfrlcal  Battery. 

A Number  of  coated  jars  conne^led  together  in  fuch 
manner  that  their  whole  force  may  be  united,  and  a£b  like 
one  jar,  cpnftitutes  what  is  called  an  ele£lrical  battery. 
This  battery  is  the  mod  formidable,  and  entertaining  part 
pf  an  elcdrical  apparatus,  and  by  its  ufe  many  wonderful 
lefFefts  are  produced. 

• 

If  a battery  is  required  of  no  very  great  power,  as  coq- 
tajning  about  eight  or  nine  fquare  feet  of  coated  glafs,  I 
fhould  recommend  to  make  ufe  of  common  pint,  or  half 
pint  phials,  fuch  as  apothecaries  ufe.  They  may  be  eafily 
coated  wdth  tin-foil,  on  the  outfide,  and  brafs-filings  on  the 
jnfide,  they  occupy  a fmall  fpace,  and  pn  account  of  their 
thinnefs,  hold  a very  good  charge.  But  when  a large  bat- 
tery i»  rec^uired,  then  thefe  pbjials  cannot  be  ufed,  for  they 
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break  veryeafily,  and  for  that  purpofe  cylindrical  glafs  jars 
t)f  about  fifteen  inches  high)  and  four  or  five  inches  in  dia- 
meter arc  the  mofl  convenient. 

f When  glafs  plates  or  jars,  haviug  a fiiffitiently  large 
opening,  are  to  be  coated,  the  beft  method  is  to  coat  them 
Avith  tin-foil  on  both  Tides,  which  may  be  fixed  upon  the 
glafs  with  pafte  made  of  wheat  flour ; but  in  cafe  the  jars 
have  not  an  aperture  large  enough  to  admit  the  tin-foil,  and 
an  inftrument  to  adapt  it  to  the  furface  of  the  glafs,  then» 
brafs-filings,  fuch  as  are  fold  by  the  pin-makers,  may  be 
advantageoully  ufed,  and  they  may  be  fluck  with  gum- 
water,  bees-wax,  &c.  Care  mud;  be  taken  that  the  coat- 
ings do  not  come  very  near  the  mouth  of  the  jaX)  for  that 
will  caufe  the  jar  to  difeharge  Itfelf.  If  the  coating  is  about 
two  inches  below  the  top,  it  will  in  general  do  very  w'ell ; 
but  there  are  fome  kinds  of  glafs,  efpecially  tinged  glafs, 
that  when  coated  and  charged,  have  the  property  of  dif- 
charging  themfelves  more  eafily  than  others,  even  when  the 
coating  is  five  or  fix  inches  below  the  edge.  There  is  ano- 
ther fort  of  glafs  like  that  of  which  Florence  flafles  are 
made,  which,  on  account  of  fome  unvitrified  particles  in 
its  fubltance,  is  not  capable  of  holding  the  lead;  charge;  on 
tbefe  accounts  therefore,  whenever  a great  number  of  jars 
are  to  be  chofen  for  a large  battery,  it  is  advifeable  to  try 
fome  of  them  firft,  fo  that  their  quality  and  power  may  be 
afeertained. 

A battery  compofed  of  twelve  jars  coated  in  the  infide 
and  outfide  with  tin-foil,  which  alltogether  contain  about 
tvVelve  feet  of  coated  glafs.  About  the  middle  of  each  of 
thefe  jars  is  a cork  that  fiidainsa  wire,  which  at  the  topis 
fadened  round,  orfoldcred  to  the  wire  E,  knobed  at  each 
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end;  which  connects  the  infide  coatings  of  three  jars;  and 
by  four  wires  fuch  as  F F,  the  infide  coatings  of  all  the 
twelve  jars  maybe  conneiSled  together.  Each  of  the  wires 
F,  has  a ring  at  one  end,  through  which  one  of  the  wires 
E palfes,  and  the  other  end  has  a brafs  knob.  If  the  whole 
force  of  the  battery  is  not  required,  one,  two  or  three  rows 
of  jars  may  be  ufed  at  pleafure ; for  as  each  of  the  wires 
F F is  moveable  round  the  wdre  E,  W'hich  pafles  through 
its  ring,  and  refts  upon  the  next  wdre  E,  it  may  be  ealily  re- 
moved from  that,  and  turned  upon  the  contrary  wire  E ; 
and  thus  the  communication  between  one  row  of  jars  and 
another  may  be  difcontinued  at  pleafure.  See  the  figure. 

The  fquare  box  that  contains  thefc  jars  is  of  wood,  lined 
at  the  bottom  with  tin-foil,  and  has  two  handles  on  two 
oppofite  fides,  by  which  it  may  be  ealily  removed.  In  one 
fide  of  the  box  is  a hole,  through  which  an  iron  hook  palfes, 
which  communicates  with  the  metallic  lining  of  the  box, 
and  confequently  with  the  outfide  coating  of  all  the  jars. 
To  this  hook  is  faftened  a wire,  the  other  end  of  whicli  is 
connected  with  the  difeharging  rod. 

fig.  4.  The  difeharging  rod  confifts  of  a glafs  handle  A,  and  two 
curved  wires  B B,  which  move  by  a joint  C,  fixed  to  the 
brafs  cap  of  the  glafs  handle  A.  The  wires  B B are  pointed, 
and  the  points  enter  the  knobs  D D,  to  which  they  are 
ferewed,  and  may  be  unlcrewed  from  them  at  pleafure. 
By  this  conftru£tion  we  have  the  opportunity  of  ufmg  the 
balls  or  the  points,  as  occafion  requires ; and  as  the  -wires 
are  moveable  by  the  joint  C,  they  maybe  adapted  to  fmallcr 
or  larger  jars  at  pleafure, 
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The  battery,  reprefentecl  in  the  plate,  is  a fmall  one  in 
comparifon  to  thofe  now  frequently  ufecl,  and  much  too 
weak  for  the  purpofe  of  fome  experiments.  But  I thought 
it  fu-fficient  to  give  an  idea  of  its  conftruction ; and  when  a 
large  battery  is  to  be  conlbufted,  I would  recommend  ra- 
ther to  make  two,  three,  or  more  fmall  ones  as  reprefented 
in  the  plate,  than  a Tingle  large  battery,  which  is  heavy, 
and,  on  feveral  accounts,  inconvenient.  The  force  of 
feveral  fmall  batteries  may  be  eafily  united  by  a wire  or 
chain,  and  thus  they  be  made  to  a£l  in  every  refpe£l  like  a 
large  one.  The  bell  conftru£lion  of  a battery  is  to  have  a 
wire  from  every  jar,  conne£led  with  a ball  at  the  top,  in  form 
of  a wire  cage. 


The  force  of  acaimulated  electricity,  great  as  it  appears 
by  the  experiments  performed  with  a Tingle  coated  jar,  is 
very  fmall  when  compared  with  that  which  is  produced  by 
a number  of  jars  conneClcd  together;  and  if  the  effeCls  of  a 
Tingle  jar  are  furpriTing,  the  prodigious  force  of  a large  bat 
tery  is  certainly  aftonilhing.  To  obferve  that  the  metals, 
even  the  moft  purified  platina,  which  refills  the  greatell 
efforts  of  chemic  fire,  arc  aClually,  and  almofl  inflantane- 
oufly  rendered  red-hot,  and  fufed  ; to  fee  animals  deffroyed, 
and  to  hear  the  loud  report  of  a large  eleclric  battery,  are 
things  that  always  produce  a kind  of  terror  in  the  mind  ot 
an  attentive  obferver.  Experiments  of  this  kind  fhould  be 
conducted  with  great  caution,  and  the  operator  ought  to  be 
attentive  not  only  to  the  buTinefs  in  hand,  but  alfo  to  the 
perfons  who  may  happen  to  be  near  him,  prohibiting  their 
touching,  or  even  coming  too  near  any  part  of  the  apparatus ; 
for  if  a miflake  in  performing  other  experiments  may  be 
difagreeable,  thofe  in  the  difeharge  of  a large  battery  may 
be  attended  with  worfe  confequences. 

When 


62  'an  introduction  to 

When  a battery  is  to  be  charged,  inftead  of  a large  prime 
tonduftor,  a fmall  one  is  irmch  more  convenient ; for  in 
this  cafe,  thecliflipation  of  the  elcdlricity  is  not  fo  confider- 
able.  The  quadrant  eIe(Sl:rometer,  which  fhews  the  height 
of  the  charge  in  the  battery,  may  be  fixed  either  upon  the 
prime  condudfor,  or  upon  the  battery,  in  which  cafe,  it 
ihould  be  placed  upon  a rod,  proceeding  from  the  wires  of 
the  jars,  and  if  the  battery  be  very  large,  it  Ihould  be  ele- 
vated two  or  three  feet  above  them. 

I 

The  index  of  the  eledlrometer  in  charging  a large  battery 
feldom  rife  fo  high  as  90*^,  becaufe  the  machine  can- 
i not  charge  a battery  fo  high  in  proportion  as  a fingle  jar. 
Its  limit  is  often  about  60®  or  70°,  more  or  lefs  in  pro- 
portion to  the  fize  of  the  battery,  and  the  force  of  the  ma- 
chine. 

The  Spider  feernhigly  animated  hy  Eledlricitj. 

Experi-  7^^  eledlric  iar,  having  a wire  C D E,  faftened  on  its  ouN 
merit  IV.  ^ 

tig-  14.  fide,  which  is  bended  fo  as  to  have  its  knob  E,  as  high  as 
the  knob  A.  B is  a fpider  made  of  cork  with  a few  Ihort 
threads  run  through  it,  to  reprefent  its  legs.  This  fpider 
is  faltened  at  the  end  of  a filk  thread,  proceeding  from  the 
ceiling  of  the  room,  or  from  any  other  fiipport,  fo  that  the 
fpider  may  hang  mid-way  between  the  two  knobs  A E, 
when  the  jar  is  not  charged.  Let  the  place  of  the  jar  upon 
the  table  be  marked ; then  charge  the  jar  by  bringing  its  knob 
A,  in  contadf  with  the  prime  condudlor,  and  replace  it  in  its 
marked  place.  The  fpider  will  now  begin  to  move  from 
knob  to  knob,  and  continue  this  motion  for  a confiderable 
time,  fometimes  for  fweral  hours,-  • ■ 
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The  infule  of  the  jar  bcingcharged  pofitively,  the  fpider 
ic  attraded  by  the  knob  A,  which  communicates  to  it  a fmall 
quantity  of  eleclricity ; the  fpider  then  becoming  poirefTed  of 
the  fame  cleftricity  with  the  knob  A,  is  repelled  by  it,  and 
runs  to  the  knob  E,  where  it  difeharges  its  ele£tricity,  and  is 
then  again  attradled  by  the  knob  A,  and  fo  on.  In  this 
.planner  the  jar  is  gradually  difeharged,  and  when  the 
difeharge  is  nearly  compleated  the  fpider  finillies  its  motion. 


77;^  Spiral  Tube, 

AN  inflrument  compofed  of  two  glafs  tubes  C D,  one  ExperU 
within  ano;  her,  and  clofed  with  two  knobbed  brafs  caps  A Y* 

r , Fig.  IS. 

and  B.  The  innermofl:  of  thefe  tubes  has  a fpiral  row  of 
fmall  round  pieces  of  tin-foil,  ftuck  upon  its  outfide  furface, 
and  laying  at  about  one  thirteenth  of  an  inch  from  each 
other.  If  this  inflriiment  be  held  by  one  of  its  extremities, 
and  its  other  extremity  be  prefented  to  tlie  prime  condudlor, 
every  fpark  that  it  receives  from  the  prime  condudor,  will 
caufe  fmall  fparks  to  appear  between  all  the  round  pieces  of 
tin-foil  (luck  upon  the  innermoft  tube,  which  in  the  dark 
affords  a pleafing  fpe6i;acle,  the  inflrument  appearing  eri- 
compaffed  by  a fpiral  line  of  fire. 

The  fmall  round  pieces  of  tin-foil  are  fometimes  fiuck 
upon  a flat  piece  of  glafs  A B C D,  fo  as  to  reprefent  curve 
lines,  floWjCrs,  letters,  &c.  and  they  are  illuminated  after 
the  fame  manner  as  the  fpiral  tube ; 1.  e.  by  holding  the  ex- 
tremity C or  B in  the  hand,  and  prefenting  the  other 
extremity  to  the  prime  condudlor  when  the  machine  is  in 
piotion.  They  may  alfo  be  fixed  in  any  other  pofition  by 
having  connedling  wires. 
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To  fhew  that  the  EWrlc  Fluid  prefers  a fliort  Pajfage  through 
the  Air,  to  a long  one  through  good  ConduSiors. 


Experi- 
jnent  VI. 
Fig.  i6. 


BEND  a wire  about  five  feet  long,  at  the  en^s  of  which 
fix  a piece  of  glafs  G,  to  keep  the  parts  A B at  a proper 
difiance,  fo  that  they  may  flide  within  half  an  inch  of  one 
another  if  required ; then  conned  the  chains  belonging  to 
the  Hiding  wires  with  the  hook  of  the  battery,  and  the  dif- 
charging  rod,  and  fend  the  charge  of  a battery  through  it. 
On  making  the  explofion,  a fpark  will  be  feen  between  A 
and  B,  which  fliews  that  the  eledric  fluid  chufes  rather  a 
fhort  paflage  through  the  air,  than  a long  one  through  the 
wire.  The  charge,  however,  does  not  pafs  entirely  through 
A and  B,  but  part  of  it  goes  alfo  through  the  wire,  which 
may  be  proved  by  putting  a (lender  wire  between  A and  B ; 
for  on  making  the  difeharge,  witli  only  this  addition  in  the 
apparatus, the  fmallwircwill  be  hardly  made  red-hot,  whereas 
if  the  large  wire  A D B be  cut  in  D,  fo  as  to  difeontinue 
the  circuit  A D B,  the  fmall  wire  will  be  melted,  and  even 
exploded  by  the  fame  (hock  that  before  made  it  fcarccly 
red-hot.  In  this  manner  the  conduding  power  of  different 
metals  may  be  tried,  ufing  metallic  circuits  of  the  fame 
length  and  thicknefs,  and  obferving  the  difference  of  thq 
paflage  through  the  air  in  each, 


To  JweU  Clay,  and  break  fmall  Tubes  zvith  the  EleSlric  Ex^ 

plcjion. 

R.  O L L up  a piece  of  foft  tobacco-pipe-clay  in  a fmall 
cylinder  C D,  and  infert  in  it  two  wires  A B,  fo  that  their 
ends  within  the  clay  may  be  about  a fifth  part  of  an  inch 

from 
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ment  VII. 
Fig  ‘ •. 
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trom  one  another.  If  a lliock  be  fei«  through  this  clay, 
by  conne(3;ing  one  of  the  wires  A,  or  B with  the  outfidc  of 
a charged  jar,  and  the  other  with  the  infide,  it  will  be  in- 
flated by  the  fliock,  i.  e.  by  the  fpark  that  pailes  between 
the  two  wires,  and  after  the  explofion  will  appear,  as  repre- 
fented  Fig.  23.  If  the  ihock  fent  through  it  is  too  ftrong, 
and  the  clay  not  very  moill,  it  will  be  broken  by  the  ex-  Fig.  23. 
plofton,  and  its  fragment  fcattcred  in  every  direftion. 

To  make  this  experiment  with  a little  variation,  take 
a piece  of  the  tube  of  a tobacco-pipe,  about  one  inch  long,' 
and  fill  its  herewith  moili  clay,  then  infert  in  it  two  v/ires, 
as  in  the  above  rolled  clay,  and  fend  a Ihock  through  it.' 

This  tube  will  not  fail  to  burfl;  by  the  force  of  the  explofion, 
and  its  fragments  will  be  fcattered  about  to  a great  diftance. 

If  infiead  of  clay,  the  above-mentioned  tube  of  the  to- 

r ’ . 

bacco-pipe,  or  a glafs  tube  (which  will  anfvver  as  well)  be 
filled  with  any  other  fubfiance,  cidter  cleftric  or^nooi-elec- 
tric  inferior  to  metal,  on  making  the,  difeharge,  it  will  be 
broken  in  pieces  with  nearly  the  fairie  force. 

$ 

■ .'**■*■ 

4 

An  lihBrometer.  - ' 

WHICH  confifls  of  a lined  thread,  havmgat  each  end  Fig.,!-,, 
a fmall  cork  or  pith  ball.  This  electrometer  is  fufpended 
by  the  middle  of  the  thread  on  any  conductor  proper  for 
the  purpofe,  and  ferves  to  Ihevv  the  kind  and  quantity  of  its 
eleftricity,  by  applying  a flick  of  fealing  wax  excited,^  or, 
an  excited  fmooth  glafs  tube  to  the  balls,  which  will  recede 
or  collapfc  wiicn  the  above  wax  or  tube  arc  appliediaitcr- 
natcly;  by  this  yneanftit  will,  fiicw  whether  the  condiKfdor 
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be  ehargetl  pofitivcly  or  negatively ; for  if  it  be  charged  po* 
frtively  by  applying  the  excited  glafs  the  balls' will  recede 
ftill  further  alunder,  and  on  applying  the  excited  wax  they 
collapfc  togetheiv 


The  Univerjal  Dif charger. 


Fig.  *.  WHICH  is  of  extenfivc  life,  and  is  compofed  of  the 
the  following  parts:  A is  a.flfit  board  fifteen  inches  long, 
four  inches  broad,  and  one  thicl^,  or  thereabouts,  which 
foriBS  the  bafisof  the  infiruntent.  B B are  two  glals  pillars 
cemented  in  two.  holes  upon  the  board  A,  and  furniflicd  at 
the  top  with  brafs  caps,  each  of  which  has  a turning  joint, 
and  fupports  a fpring  tube,  through  which,  the  wire  D C 
Hides:  each  of  thefe  caps  is  compofed  of  three  pieces  ol  brafs, 
conneaed  fo,  that  the  wire  D C,  bcfides  its  Hiding  through 
the  focket,  has  two  other  motions,  viz.  an  horizontal  iand 
vertical  one.  Each  of  the  wires  DC,  D C is  furnifhed 
with  an  open  ring  a?  one  end,  and  at  the  other  end  has  a 
brafs  ball  D,  which,  by  a fhort  fpring  focket,  is  Hipt  upon 
its  pointed  extremity,  and  it  may  be  removed  from  it  at 
pleafure.  E is'  a ftrong  circular  piece  of  wood  five  inches  in 
eiameter,  having,  on  i^s  furface,  a Hip  of  ivory  inlaid,  and 
fufnilhed  with  .a  ftrong  cylindrical  foot,  w’hich  fits  the  ca- 
vity of  the  focket  F,  which  is  faftened  in  the  middle  of  the 
bottom  board  and  has  a ferew  G,  which  ferves  to  fallen  thq 
foot  pf  the'pircuiar  board  E at  any  rec^uired  height. 

-f  nl  \ • : ••• 


prove  thal'the  ekSiric  Spark  H'ljphccs  and  rarefies  the  Air. 

) ■ • .f'  r' 

.yxperi.  '-the  clcariGal  aif  thermometer,' being  very  ufeful 

^^24-  to  obferve  tho  efFc-as  of  the  ckaric  cxplofion  upon 
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air.  The  body  of  this  thermometer  confifts  of  a glafs 
tube  A B,  about  ten  inches  Jong,  and  nearly  two  inches 
diameter;  and  clofed  air-tight  at  both  ends  by  two  brafs 
caps.,  Through  a hole  in  the  upper  cap,  a'fmall  tube 
H A,  opens  at  both  ends,  is  introduced  in  fome  water, 
at  tlie  bottom  B of  the  large  tube.  Through  the  mid- 
dle of  eacli  of  the  brafs  caps,  a wire  F G'E  I is  in- 
troduced, having  a brafs  Iknob  within  theglafs  tube,  and  by 
hiding  through  the  caps,  they  may<be  fet  at  any'diftance 
from  one  another.  This  ipllrument  is,  by  a brafs  ring  C, 
faflened  to  the  pillar  of  the  wooden  hand  C D,  tl]at  fupports 
it.  When  the  air  within  the  tube  A B is  rarefied,  it  W’ill 
prefs  upon  the  water  at  the  bottom  pf  the  tube,  w'hich  will 
confequently  rife  in  the  cavity  of  the  fmall  tube;  and  as  this 
water  rifes  higher  or  lower,  fo  it  fhews  the  greateror  lefs 
rarea£fion  of  the  air  within  the  «ibc  A B,  tyhich  has  no 
communication  with  the  external  air. 

If  the  water,  when  this  InRrumcnt  Is  to  be  ufed,  is  all 
at  the  bottom  of  the  large  tube,  >.  e.  none  of  it  is  in  tbp 
cavity  of  the  fmall  tube;  it  will  be  proper  to  blow  with'the 
mouth  into  the  fmall  tube,  and  thus  c^ufe  the  water  to  rife 
a little  in.it,  where,  for  better  regulation,  a mark  may  be 
fixed.  , 


Briugthc  knobs  G I of  the  wires  I E,  F G into  conta£I» 
w ith  one  another,  tlien  conne£l  the  ring  E,  or  I^,  with  one 
fide  of  the  cliargcd  jar,  and  the  other  ring  with  the  other  fide^ 
by  which  operation  a fhock  will  be  made  to  pa'fs  "through 
the  wires  I G,  I E,  e.  between  the  knobs 'Cj  I.'  Ih  this 
cafe  you  will  obferve,  tHatthe  water  in  the  fmall  "tubp,  is 
not  at  all  moved  from  tlie  mark;  which  fheWs’tLat  the 
paffage  of  the  clc^lric  fluid  through  condudtbrs  fufliciently 
large,  occaflons  no  rarefa£lion,  tnor  difplaces.tlic  air  about 
them. 
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rcprcfcntccl  in  fig.  2o.  But  if  the  phial  is  lield  by  the  brafs 
cap,  and  its  bottom  be  toiiclied  by  the  prime  conductor, 
then  tlie  point  of  the  wire  on  its  inlide,  will  appear  iiliinii- 
jiatedwidt  a flar,  when  charging,  and  with  a pencil  when 
difeharging.  If  it  by  prefented  to  a prime  conductor  elec- 
trified negatively,  all  thefe  appearances,  both  in.  charging 
and  difeharging,  will  be  reverfed.  j , 

’ V . f : ■ I';  ' ' ; ; 

This  experiment  of  the  ^Leyden  vacuum,  exhibits  an 
ocular  dcmonllration  of  the  hypothefis  of  a fingle  elcdric 
fluid. 


Expen- 
ment  X. 


T!g.  17. 


To  make  the  ch6irk  Spark yifible  inJ-Vitter. 

FILL  a glafs  tube  of  about d)alf  an  inch  diameter,  and 
fix  inches  long,  w'ith  water,  and  to  each  extremities  of  the 
tube  adapt  a cork,  which  may  confine  the  water;  through 
each  cork  infert  a blunt  wire,  fo  that  the  extremities  of  the 
wires  within  the  tube  may  be  very  near  one  another  ; laftly 
conneft  one  of  thefe  wires  with  the  coating  of  a finall 
charged  phial  and  touch  the  other'wire  wdth  the  knob  of  it; 
by  w hich  means  the  fhock  will  pafs  through  the  wires,  and 
caufe  a vivid  fpark  to  appear  between  their  extremities 
within  the  tube.  In  performing  this  experiment  care  niuft 
be  taken,  that  the  charge  be  exceeding  weak,  otherwife  the 
*ube  will  burft.  ^ 

In  a common  drinking  glafs  almofl  full  of  water,  im- 
merge  A B,  wdtich  are  two  k fobbed  wires  fo  bent,  that 
their  knobs  may  be  wfithina  little  diftance  of  one  another  in 
ihe  M'^atcr.  If  one  of  thefe  wires  be  conncdled  with  the 
cuifidc  coating  of  a pretty  large  jar,  and  the  other  w ire  be 
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touched  with  the  knob  of  it ; the  explofion  which  mufl 
j^afs  through  the  water  irotn  the  knob  of  one  of  the  wires 
to  that  of  the  other,  will  difperfe  the  water,  and  break  the 
giafs  with  a furprifing  violence.  This  experiment  is  very 
dangerous  if  not  conducted  with  great  caution. 


The  Pcivder  Houfe. 

Is  an  ingenous  contrivance,  and  well  adapted  to  the 
piirpofe ; the  front  is  fitted  up  like  the  thundcr-houfe  ; it  . 

r r 1 .1  Plate  IV. 

is  generally  made  7 or  8 inches  long,  and  nearly  the  fame  fig.  3. 
lieight  to  the  top  of  the  roof ; the  fide,  and  that  half  of  the 
roof  next  the  eye  is  omitted  in  the  figure,  that  the  infidc 
may  be  more  conveniently  feen.  The  lides,  back,  and 
front  of  the  houfe  are  joined  to  the  bottom  by  hinges ; the 
roof  is  divided  into  two  parts,  which  are  alfo  faftened  by 
hinges  to  the  Tides ; the  building  is  kept  together  by  a 
ridge  fixed  half  w'ay  on  one  lide  of  the  roof,  To  that  when 
the  building  is  put  together,  the  other  half  of  the  ridge 
bps  over  the  other  half  of  the  roof,  and  holds  it  together. 

Within  the  houfe,  there  is  a brafs  tube  incli  long,  and 
I of  an  inch  in  diameter  Tcrewed  upon  a pedeftal  of  wood  ^ 
into  the  Tide  of  this  brafs  tube  is  ferewed  a wire,  \^  hick 
goes  through  ^ of  an  inch  or  better;  the  other  end,  by 
means  of  a chain,  has  a communication  to  the  hook  D ; 
at  the  other  fide  of  the  tube  a piece  of  ivory  one  inch  long 
is  ferewed,  with  a fmall  hole  lor  the  wire  to  Hide  into. 

To  ufe  this  apparatus,  fill  the  brafs  tube  A with  gun- 
powder, and  ram  the  wire  B a linall  way  into  the  ivory 
tube;  then  connect  the  hook  C with  the  bottom  ot  a 
large  jar  or  battery ; and  whon  the  jar,  Ac.  is  charged^ 

form 
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j'ornv  a communication  from  the  hook 'D  to  the  top  of 
the  jar,  &c.  the  difcharge  will  then  take  place,  and  the 
cxplofion  of  the  gun-powder  will  throw  afundcr  the  roof^. 
and  the  fides,  the  fore-tront,  and  the  back-front  will  then 
1’all  down.  ' ' 


^he  Pyramid. 

As  reprefented  fig.  4.  is  defigned  to  fliew  the  fanie  ex- 
periments as  the  thunder-houfe,  and  is  ufed  in  the  fame 
manner.  When  the  piece  A is  thrown  out  by  the  dif- 
charge,  the  upper  part  of  the  pyramid  falls  down ; it  is 
ufnally  made  to  reprefent  a ftone  fteeple,  and  is  compofed 
of  feveral  pieces,  by  w'hich  means,  w'hen  the  difcharge  is 
made  there  appears  greater  devaftation. 

i * 

' . ■ • The  Ltlmimus  hVord.  * 

This  experiment  is  cxaftlyon  the  fame  principle  as  fig. 
18  and  19,  plate  III.  and  the  word  is  formed  by  the 
fmall  feparations  made  in  the  tin-foil ; if  they  w'erc  cut  a 
little  round  at  every  divifion  the  fpark  by  that  means  w^ould 
appear  more  vivid,  as  it  pafl'ed  along  the  windings. 

It  may  be  obferved  in  making  thefe  experiments,  that 
the  longer  any  w'ord  is,  and  the  oftener  the  tin-foil  is  cut, 
the  more  pow'erful  the  machine  mufl:  be  in  order  to  con- 
vey th.e  fpark  from  one  end  to  the  other ; becaufe  every 
time  the  palfage  is  interrupted  by  cutting,  the  fpace  is 
increafed ; and  in  Jong  conveyances  the  fpace  will 
amount  to  more  than  the  machine  will  be  able 


USEFUL  KNOWLEDGE. 


■^o  overcome.  Therefore  the  Oiortcr  the  illuminations  are, 
the  more  pleafing  they  will  appear. 


To  JJ)CLV  hoiv  a Jar  charges  and difeharges. 

Coat  ajar  as  reprefented  fig.  6, bypafting  fmall  pieces  of  pig. 
tin-foil,  at  a little  diftance  from  each  other,  round  its 
exterior  furface.  As  this  jar  is  charging,  fmall  fparks  W'ill 
pafs  from  one  piece  of  tin-foil  to  another,  in  a variety  of 
directions ; the  feparation  of  the  tin-foil  is  the  means  of 
making  the  pafiage  of  the  fluid,  from  the  outfide  of  the 
jar  to  the  table,  vifible.  Difcharge  this  jar,  by  bringing 
a pointed  wire  gradually  near  the  brafs  ball,  and  the  un- 
coated part  of  the  glafs,  betw’een  the  pieces  of  tin-foil 
will  be  pleafantly  illuminated,  and  make  a crackling  noife  ; 
but  if  the  jar  is  difehatged  fuddenly,  the  whole  outfida 
furface  will  appear  illuminated.  The  glafs  mufl:  be  very 
dry  to  produce  thefe  appearances  to  the  greateft  advantage. 


Ihu'  to  make  inflafnmabh  Air  that  wiU  take  Flrehy  the  elediric 

Spa7'k. 

Procure  two  bottles  as  reprefented,  A D,  fig.  8,  in  the 
bottle  D,  put  about  2 or  3 ounces  of  iron  filings,  to  which 
put  feme  oil  of  vitriol,  mixed  with  four  times  its  quantity 
of  water,  fill  the  bottle  A with  water,  and  fix  the  bended 
glafs  pipe  C air-tight  into  the  bottle  D,  and  the  other  end 
a little  way  up  the  neck  of  the  bottle  A,  and  in  a Ihort 
lime  the  mixture  will  boil,  and  emit  a fluid,  which  will 
pafs  through  the  bended  tube  C into  the  bottle  A,  and 

L will 
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rig:  9. 


T'ig  I. 
Plate  V. 


will  at  lafl  fill  It ; expelling  the  water  into  the  bafon  B 
The  bottle  A is  then  expeditioufly  corked  up  for  ule. 


‘The  ektlrical  P 'ljiol. 

Is  reprefented  by  a,  b,  c,  d,  e,  fig.  9 ; c,  a,  is  made  of 
thin  brafs  ; to  the  mouth  a,  b,  a cork  is  fitted  ; and  a per- 
forated pice  of  brafs  e,  ferews  on  the  bottom  of  the  pifto 
at  c,  having  a glafs  tube  with  a wire  cemented  into  it, 
bended  over  the  glafs  tube,  fc  as  to  reach  within  | of  an 
inch  of  the  brafs  ; when  the  piftol  is  to  be  charged  uncork 
the  inflammable  air  bottle,  likewife  the  pilfol,  and  place  the 
' mouth  of  the  piltol  upon  the  top  of  the  bottle,  and  the 
common  air  which  is  within  the  piflol  will  defeend  while 
the  other  afeends ; keep  the  piltol  in  this  fituation  a few 
feconds,  according  to  the  llrength  of  the  inflamable  air, 
then  expeditioufly  cork  both  the  bottle  and  piltol,  and  it  is 
charged.  T o difeharge  it  fill  a fmall  jar  or  a hollow  handle, 
and  apply  it  to  the  little  knob  of  the  wire  e,  it  will  then 
explode,  and  drive  out  the  cork  to  a confiderable  diltance, 
making  a report  as  loud'  as  a piltol  filled  with  gunpowder. 


The  Conjiru^ion  of  a finiple  Orrery  put  into  Motion  by 
. ‘ Ele£triclty. 

THIS  orrery  is  for  Ihewing  the  earth’s  motion  round 
its  axis  In  twenty-four  hours,  the  age  of  the  moon  from 
change  to  change,  and  all  her  various  phafes  during  that 
time.  A is  the  horizontal  board  or  fland  of  this  machine, 
and-B  is  the  great  wheel,  with  eighteen  floats  or  wings 
• •for  the  electric  ftream  to  aft  upon,  and  turn  the  wheel 

according 
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according  to  the  order  of  the  letters  abed.  On  the  axis 
of  this  -wheel  is  a trundle  C,  of  eight  ftaves,  for  turning 
the  wheel  F,  of  thirty-two  teeth,  on  whofe  axis  is  a trun- 
dle G,  of  eight  (laves,  for  turning  the  wheel  H,  of  fifty- 
nine  teeth,  which  will  go  once  round  in  the  time  the 
great  wheel  A goes  igl-  A little  hollow  globe  D,  repre- 
fenting  the  earth,  with  its  meridians,  equator,  tropics,  po- 
lar circles  and  poles,  is  put  upon  the  top  of  the  axis  of  the 
<rreat  wheel  A,  and  on  the  fame  axis  is  an  index  E,  which 
ooes  round  a fmall  dial-plate  e of  twenty-four  hours,  in  the 
time  that  the  earth  D turns  round.  And  an  ivory  ball  I 
^s  placed  on  the  top  of  the  axis  of  the  wheel  H,  half 
black,  half  white,  to  reprefent  the  moon  j below  which,  on 
the  fame  axis,  is  an  index  K,  vvhich  goes  round  a fmal^ 
plate  k divided  into  2g\  equal  parts,  for  the  days  of  the 
moon’s  age  from  change  to  change.  So  that,  in  the  time 
the  great  wheel  A,  the  earth  D,  and  hour-index  E,  make 
29x  revolutions,  the  moon  I and  her  index  K make  only 
one ; and  in  that  time,  by  fliewing  herfelt  all  round  to 
the  obfervers,  they  fee  all  her  different  phafes  or  appear- 
^ces,  like  thofe  of  the  real  moon  in  the  heavens. 

Having  fet  the  orrerv  near  the  prime  condtidlor,  place  a 

. ' o r • • u Kxperl- 

crooked  wire  from  the  conductor,  fo  as  its  point  may  be  xi. 
even  with  the  great  wheel  B,  and  tend  to  turn  it  in  the  di- 
redlion  abed;  turn  the  glafs  globe  ot  the  eledlrical  ma- 
chine by  the  winch,  and  a dream  o(  fire  will  iffuc  from  the 
wire  to  the  wheel,  and  turn  the  whole  of  the  moveable 
w’ork  : by  which  means,  the  earth  D will  be  turned  round 
its  axis,  from  wed  by  fouth,  to  ead ; and,  in  Inch  turn  of 
the  earth,  the.  index  E -will  go  round  all  the  twenty-four 
hours  on  the  dial  plate  e.  In  the  time  the  earth  and  in- 
dex turns  29 1 times  round,  the  moon  I will  turn  once 

2 round 
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round  her  axis,  fhewing  all  her  various  phafes  ; and  the  in- 
dex K will  go  over  all  the  2()\  days  of  the  moon’s  age  on  the 
plate  k. 


A Model  tf  a Water-Mill  turned  by  a Stream  of  EleSiric  Fire. 

A MODEL  of  a common  mill  for  grinding  corn.  A is 
a water-wheel,  Bthe  cog-wheel  on  its  axis,  C the  trundle 
turned  by  that  wheel,  and  D the  running  mill-flone  on  the 
top  of  the  axis  of  the  trundle.  It  may  cafily  be  contrived 
and  turned  alfo  by  tledlricity,  if  inftead  of  the  round  plate 
D for  the  mill-ftone,  there  be  a horizontal  wheel  on  the 
axis  of  the  trundle  C with  fpur  cogs,  which  will  turn  twq 
trundles  placed  on  its  oppofite  fides  ; and  on  the  top  of  each 
of  thefe  trundles’  axis,  may  be  a round  plate  reprefenting  a 
mill-ftone  ; fo  that  this  rriodel  has  all  the  w’orking  parts  of  a 
double  w^ter-mill,  turning  two  mill-ftones. 

Set  the  inill  near  the  prime  condudlor,  and  place  the 
crooked  wire  fo  as  its  point  may  be  diredled  toward  the 
uppermoft  fide  of  the  great  wheel  A.  Then  turn  the  glafs 
globe  by  the  winch,  and  thp  ftream  of  fire  that  iftues  from 
the  point  of  the  wire  will  turn  the  wheel ; and,  confe. 
quently,  all  the  other  working  parts  of  the  mill. 


Another  Eledlrlcal  Orrery  Jhe<ivhg  the  Motions  of  the  Sun, 
Earth,  and  Moon. 

THE  fun  and  earth  go  round  the  common  center  of 
gravity  between  them  m a fblar  year,  and  the  earth  and  moon 
go  round  the  common  center  of  gravity  between  them  in  a 

lunar 
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iur.ar  month.  Thefe  motions  are  reprefented  by  an  elcc' 
tricalexperiment  as  follows ; 

The  ball  S reprefents  the  fun,  E the  earth,  and  M the 
moon,  connefted  by  wires  a c and  b d : a is  the  center  of 
gravity  between  the  fun  and  earth,  and  b is  the  center  of 
gravity  between  the  earth  and  moon.  Thefe  three  balls, 
and  their  connecTring  wires,  are  Jiung  and  fupported  on  the 
lEarp  point  of  a wire  A,  wbicli  is  ftuck  upright  in  the  prime 
c-ondudlor  B of  the  eleiSIrical  machine  ; tlie  earth  and  moon 
hanging  upon  the  fharp  point  of  the  wire  c a e,  in  which 
wire  is  a pointed  Ihort  pin,  (licking  out  horizontally  at  c ; 
and  there  is  juft  fuch  another  pin  at  d,  (licking  out  in  the 
fame  manner,  in  the  vyire  that  conneds  the  earth  and  the 
moon. 

When  the  globe  of  the  eledrical  machine  Is  turned, 

==  mentXin^ 

the  above-mentioned  balls  and  wires  are  elcdrified : and  the 
elcclrical  fire,  flying  off  horizontally  from  the  points  c and 
d,  caufe  S and  E to  move  round  their  common  center  of 
gravity  a ; and  E and  M to  move  round  their  common  cen- 
ter of  gravity  b.  And  as  E and  M are  light  wdien  com- 
pared with  S and  E,  there  is  much  lefs  fridion  on  the  point 
b than  upon  the  point  a ; fo  that  E and  M will  make  many 
more  revolutions  about  the  point  b than  S and  E make  about 
the  point  a.  The  weights  of  the  balls  may  be  adjufted  fo, 
that  E and  M may  go  twelve  times  round  b in  the  time  that  S 
and  E go  only  once  round  a*  It  makes  a good  amufing 
experiment  in  eledricity  ; but  it  is  fo  far  from  proving  that 
the  motions  of  the  planets  in  the  heavens  arc  owing  to  a like 
caufe,  that  it  plainly  proves  they  are  not.  For  the  real  fun 
and  planets  arc  not  conneded  by  wires  or  bars  of  metal ; 

confet^uently  there  can  be  no  fuch  metallic  points  as  c 

and 
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Fig,  6. 


Fig,  4. 


and  d between  them.  And  without  fuch  points,  the  elec- 
tric fluid  would^never  caufe  them  to  move  : for,  take  away 
thcfe  points  in  the  above-mentioned  experiment,  and  the 
balls  will  continue  at  refl,  let  them  be  ever  fo  ftrongly  elec- 
trified. 


The  ckHrificd  Capillary  Syphin. 

L E T a fmall  bucket  of  metal,  full  of  water,  be  fuf- 
pcnded  from  the  prime  conduftor,  and  put  in  it  a glafs  fy- 
phon  of  fo  narrow  extremity,  as  the  water  will  jufl:  drop 
from  it.  If  in  this  difpofition  of  the  apparatus  the  winch  of 
tlte  machine  be  turned,  the  water,  which,  when  not  elec- 
trified, only  dropi  from  the  extremity  of  the  fyphon,  will 
now  run  in  a fullllream,  which  vvill  even  be  fubdivided  into 
other  fmaller  Rreams ; and  if  the  experiment  be  made  in  the 
dark,  it  will  be  beautifully  illuminated,  and  like  a fountain 
with  ftreams  of  fire  ; which  may  be  made  to  flop  appa- 
rently by  the  word  of  command  by  touching  the  prime  con- 
dudor. 


*The  .^ladyant  EleSlrometcr. 

THE  only  inflrument,  that  can,  with  propriety,  be 
called  an  elcdrometer,  that  is,  fuch  as  meafurcs  the  precife 
degree  to  which  any  body  is  eJedrified,  is  as  follows:  A is 
a very  light  rod,  that  turns  on  the  center  of  a fcmicircle  B> 
fo  as  always  to  keep  pretty  near  its  graduated  limb  : at  the 
extremity  of  the  rod  is  a cork  ball  C.  D is  the  pillar  that 
fupports  the  rod,  and  may  be  cither  fixed  to  the  prime  con- 
duclor,  or  l^t  into  the  brals  knob  of  a jar  or  battery,  or  be  fet- 
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on  a ftand  to  fupport  itfclf.  The  whole  inftrunient  may  be 
made  of  wood  or  ivory,  but  is  found  molf  perfedl  when  the 
pillar  and  rod,  or  index,  are  of  box,  made  very  fmooth  with 
emery  paper:  the  ball  of  cork,  and  the  femicircle  ivory,  as 
the  divilions  on  that  are  more  legible  than  on  wood. 

The  moment  this  inflrument  begins  to  be  eledlrified,  the 
rod  is  repelled  by  the  pillar,  and  confequently  begins  to 
move  over  the  edge  of  the  femicircle,  and  fliews,  to  .the 
greatelf  precifion,  the  degree  to  which  the  prime  conductor 
is  ele£frified;  or  how  high  any  jar  or  battery  is  charged. 
As  the  materials  of  which  this  inflrument  is  made  are  very 
imperfeft  condudlors,  it  will  very  rarely  dillipate  any  of  the 
cleiflricity  of  the  prime  conduiSlor,  See.  with  which  it  is 
connected  : but  if  it  be  found,  by  a trial  in  the  dark,  that 
any  part  of  it  colledls  the  electric  matter,  it  mult  be  placed 
before  the  fire  to  dry  off  the  damp,  particularly  from  the 
index  : it  fhould  nor,  however,  be  much  heated,  for  then  it 
will  not  receivetheclectricity  ready  enough,  and  the  motiori 
of  the  index  will  not  anfwer  with  fufficient  accuracy,  to 
the  degree  of  eledtricity  in  the  body  with  which  it  is  in 
contact : but  this  inconvenience  may  be  eafily  remedied  by 
moiftening  the  pillar  and  the  index  ; for  the  femicircle  can 
never  be  too  dry. 

It  Is  evident,  from  the  conftru£tIon  of  this  Inflrument, 
that  the  force  of  different  explofions  may  be  afcertalned  by 
it,  before  the  difeharge,  with  the  greateft  accuracy.  If  a 
jar  be  charged  with  pofitive  eleftricity,  and  you  want  to 
know  the  precife  time,  while  you  are  attempting  to  charge 
it  negatively,  that  it  becomes  difeharged,  watch  the  mo- 
ment the  index  comes  to  the  perpendicular  flatlon,  which 
may  be  obferved  without  the  leaf!  danger  of  a miflakc,  and 
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yon  will  then  find  there  is  not  thelcafi  fpark  left  in  the 
If  you  continue  the  operation,  the  index  w'ill  begin  to  ad* 
vance  again  ; and  thereby  fhew  the  exa£l  quantity  of  the  op- 
pofiiteeledlricitythejar  has  acquired; 


A very  ufeful  Injirumcnt  to  cure  the  Tooth-ath. 

THE  inftrument  A is  a flat  fquarc  piece  of  box-wood, 
about  an  inch  broad,  and  a quarter  of  an  inch  thick : two 
jongitudinal  holes  are  made  qtiitc  through  it,  near  its  op- 
pofite  edges,  through  which  the  brafs  wires  a b c and  d e f 
are  put  while  they  are  ftraightj  then  fixed  with  fealing 
wax,  and  bent  as  in  the  figure,  fo  as  to  receive  the  tooth 
and  gum  between  their  points  c and  f,  which  mufl:  not  be 
made  too  fliarp,  for  fear  of  hurting  the  gum.  When  it 
is  ufcd,  two  chains  g and  h mufl;  be  hooked  to  the  other 
ends  of  the  wdros,  and  holding  it  on  the  gum,  with  the 
tooth  between  the  ends  c and  f of  the  wires  a b c and  d e f, 
hook  the  chains  g and  h on  the  other  ends  of  thefe  wires  ; 
put  the  other  end  of  the  chain  g round  the  bottom  of  a jar, 
and  caufe  an  afliftant  to  bold  the  chain  h,  hanging  down 
from  his  hand  \ the  chains  not  touching  one  another,  and 
both  of  them  clear  of  the  tables  Then  having  charged  the 
jar,  defire  the  afliflant  to  flrike  the  prime  conduftor  with 
the  loofe  end  of  the  chain  h ; this  will  difcharge  the  jar, 
and  give  the  perfon  a fhock,  which  will  be  felt  only  in  the 
tooth  and  gum  that  is  taken  in  between  the  v/ires  at  c 
and  f. 
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Praftical  Rules  concerning  the  Ufe  of  the  clcdrlcal  Apparatus 
and  the  perjorming  of  Expcrimaits. 

I T often  happens  that  young  eleilricians  are  at  a lofs 
to  afhgn  the  reafon,  why  fome  experiments  do  not  fucceed 
with  them,  as  deferibed  in  the  treatifes  on  ele£lricity. 
Sometimes  they  are  in  pofTeirion  of,  very  good  inftruments, 
but  by  reafon  of  fome  circumftance  or  other,  unattended 
to,  they  are  quite  ufelefs  in  their  hands.  This,  indeed 
can  be  remedied  by  nothing  but  pra£lice,  and  it  is  by 
long  ufe,  that  the  electrician,  as  well  as  the  pradlitioner 
in  any  art  or  fcience,  becomes  fo  good  an  operator,  as  to 
ufe  his  inlfruments  to  the  bell  advantage.  A few  rules  are 
however  very  necelTary  to  guide  him  in  his  operations  ; and 
although  thefe  alone  areinfulEcient  to  make  aperfona  com- 
plete pradlical  eledlrician,  yet,  when  accompanied  with  the 
actual  management  of  the  apparatus,  they  facilitate  the  ufe 
of  it,  and  render  the  performance  of  the  experiments  more 
accurate  and  expeditious. 

The  firft  thing  that  the  young  ele£trician  Ihould  obferve, 
is,  the  prefervation  and  care  of  his  initrumpnts.  The  elec- 
trical machine,  the  coated  jars,  and  in  fhort  every  part  of 
the  eleftrical  apparatus,  fhould  be  kept  clean,  and  as  free 
as  polTible  from  dult,  and  moilture. 

When  the  weather  is  clear,  and  the  air  dry,  efpecially  in 
clear  and  frofly  weather,  the  eledrical  machine  willalw'ays 
work  well.  But  when  the  weather  is  very  hot,  the  ma- 
chine is  not  fo  powerful ; nor  in  damp  weather,  except  it 
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be  brought  into  a warm  room,  and  the  cylinder,  tlie  Hands, 
and  the  jars,  &cc.  be  made  thoroughly  dry. 

Before  the  machine  is  iifcd,  the  cylinder  fhould  be  firft 
wiped  very  clean  with  a foft  linen  cloth,  that  is  dry,  clean, 

‘ and  warm;  and  afterwards  with  a clean  hot  flannel,  or  an 
old  filk  handkerchief ; this  done,  apply  a little  amalgam 
and  turn  the  winch,  and  it  will  foon  be  perceived  that  the 
ele£lric  fluid  will  come  like  a wind  from  the  cylinder  to  the 
‘ knuckle,  and,  if  the  motion  be  a little  continued,  fparks, 
and  crackling  will  foon  follow.  This  indicates  that  the 
machine  is  in  good  order,  and  the  eledirician  may  proceed 
to  perform  his  experiments.  But,  if,  when  the  winch  is 
turned  for  fome  time,  no  wind  is  felt  upon  the  knuckle, 

■ then  the  fault  is,  very  likely,  in  the  rubber,  and  to  re- 
medy that,  life  the  following  dirc£lions : by  unferewing 
the  ferews  on  the  back  of  the  rubber,  remove  it  from 
its  glafs  pillar,  and  keep  it  a little  near  the  fire,  fo  that  its 
filk  part  may  be  dried;  take  now  apiece  of  dry  mutton 
fuet,  or  a little  tallow  from  the  candle,  and  juft  pafs  it  over 
the  leather  of  the  rubber,  and  then  the  machine  cannot  fail 
.but  be  fit  for  ufe. 

Sometimes  the  machine  will  not  work  well  bccaufe  the 
, rubber  is  not  fufficiently  fupplied  with  ele£lric  fluid;  which 
happens  when  the  table,  upon  which  the  machine  Hands, 
and  to  which  the  chain  of  the  rubber  is  connected,  is  very 
dry,  and  confequently  in  a bad  condudling  Hate.  Even  the 
floor  and  the  walls  of  the  room  are,  in  very  dry  weather, 
bad  condu£lors,  and  they  cannot  fupply  the  rubber  fuffici- 
cntly.  In  this  cafe  the  beft  expedient  is,  to  connetft;  the 
chain  of  the  rubber  by  means  of  a long  wire,  with  fome 
moift  ground,  or  with  the  iron  w'oik  of  a water-pump;  by 
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which  means  the  nibberwill  be  fupplied  with  as. much  elec- 
tric tluid  as  is  required. 

When  a fufficient  quantity  of  amalgam  has  been  accumu- 
lated upon  the  leather  of  the  rubber,  and  the  machine  does 
not  work  very  well,  then,  inlfead  of  putting  more  amalgam, 
it  will  be  lulhcient  to  take  the  rubber  off,  and  to  ferape  a 
little  off  that,  which  is  already  upon  the  leather. 

It  will  be  often  obferved,  that  the  globe  or  cylinder, 
after  being  ufed  fome  time,  contra6ls  fome  black  fpots,  oc- 
calioned  by  the  amalgam,  or  fome  foulnefs  of  the  rubber, 
which  grow  continually  larger,  and  greatly  oblh'u6l  its 
electric  power.  Thefe  fpots  mult  be  carefully  taken  off,  and 
the  cylinder  muft  be  frequently  wiped  in  order  to  prevent 
its  contracting  them. 

In  charging  eleitric  jars  in  general,  it  mull  be  obfert'ed, 

that  every  machine  will  not  charge  them  equally  high;  That 

machine,  whofe  electric  power  is  the  ftrongeft,  will  always 

charge  the  jars  higheft.  If  the  coated  jars,  before  they  are 

ufed,  be  made  a little  warm,  they  will  receive,  and  hold  the 
/ 

charge  the  better. 

If  feveraljars  are  connected  together,  among  which  there 
is  one,  that  is  apt  to  difeharge  itfelf  very  foon,  then  the 
other  jars  will  alfo  be  foon  difeharged  with  that;  although 
they  may  be  capable  of  holding  a very  great  charge  by  ihem- 
felves.  When  electric  jars  are  to  be  difeharged,  the  elec- 
trician mult  be  cautious  left,  by  fome  circumltance  not  ad- 
verted to,  the  fliock  fhould  pafs  through  any  part  of  his 
body ; for  an  unexpefted  fhock,  though  not  very  ftrong, 
may  occafion  feveral  difagrceablc  accidents.  In  making  the 
difeharge,  care  muft  be  taken  that  the  difeharging  rod  be 
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not  placed  on  the  thinneft  part  of  the  glafs,  for  that  may 
caufethc  burflingof  the  jar. 

• When  a large  battery  is  difeharged,  jars  will  be  often 
found  broken  in  it,  which  burd  at  the  time  of  the  difeharge. 

To  remedy  this  inconvenience  take  this  method,  which  is, 
never  to  difeharge  the  battery  through  a go.)d  conduflor, 
except  the  circuit  be  at  lead  five  feet  long.  Mr.  Nairne 
favs  that,  ever  fince  he  made  ufe  of  this  precaution,  he  has 
difeharged  a very  large  battery  near  a hundred  .times  with-  • 
out  ever  breaking  a finglc  jar,  wdicrcas  before  he  was  con- 
tinually breaking  them.  But  here  it  muft  be  confidered 
that  the  length  of  the  circuit  weakens  the  force  of  the  fhock 
proportionably ; the  higheft  degree  of  which  is  in  many  ex- 
periments required. 

It  is  advifeablc  when  a jar,  and  cfpecially  a battery  has 
been  difeharged,  not  to  touch  its  w'ires  with  the  hand,  be- 
fore the  difeharging  rod  be  applied  to  its  fidesa  fecond,  and 
even  a third  of  time  ; as  there  generally  remains  a refiduum 
of  the  charge;  this  refiduum  is  occafioned  by  the  cle£lricity, 
that,  when  the  jar  is  charging,  fpreads  itfclf  over  the  un-  i 
coated  part  of  the  glafs  near  the  coating,  which  will  not  be 
difeharged  at  firft,  but  gradually  returns  to  the  coating  after  ' 
the  firft  difeharge,  which  is  fometimes  very  confiderable. 

When  any  experiment  ts  to  be  performed,  which  requires' 
btit  a fmall  part  of  the  apparatus,  the  remaining  part  of  it 
fhould  be  placed  at  a difiance  from  the  machine,  the  prime 
conductor,  and  even  from  the  table,  if  that  is  not  very 
large.  Candles,  particularly,  fhould  be  placed  at  a confider- 
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able  diftance  from  tlie  prime  conduclor,  for  the  effluvia  of 
their  flames  carry  oflp  much  of  the  ele^Slric  fluid. 

Laflly,  the  young  eleflrician  fliould  be  cautioned  not  to 
depend  on  firll  appearances  in  elcdlriciiy.  A new  pheno- 
menon mayjullly  excite  his  curiofity  : it  is  laudable  to  re- 
mark it,  and  to  purfue  the  hint  j but  at  the  fame  time  even 
the  doubtful  aifertion  ol  a new  fa6f  fhould  never  be  made, 
till  after  a number  of  fimilar  and  concurring  experiments. 
Ele£lricity  is  a fciencc  that  often  deceives  the  fenfes,  and 
the  molt  experienced  ele£lfician  frequently  finds  himfelf 
miflaken  in  things,  which  perhaps  he  may  have  before  con- 
fidered  as  tlie  molt  certain. 


In  many  electrical  experiments,  it  is  very  convenient  to. 
have  a method  of  determining,  whether  a fmall  degree  of 
electricity  be  pofitive  or  negative;  and  in  ufing  large  bat- 
teries,  it  is  a matter  of  confequence  to  know  how  the  “ ' 
charge  advances,  and  of  what  Itrength  it  is.  Mr.  Can- 
ton’s balls  are  extremely  ufeful  for  both  thefe  purpofes. 

They  are  made  of  the  pith  of  elder  turned  perfectly  globu- 
lar, and  fulpended  from  the  conductor,  by  fine  threads. 


To  underltand  the  ufe  of  them,  fuppofe  a jar  or  battery 
ftands  upon  the  tabic,  and  I want  to  know  whether  the  in- 
fide  be  charged  pofitively  or  negatively.  In  order  to  this,  I 
prefent  the  balls,  and  they  are  immediately  attracted  by  the 
wire,  and  diverge  from  one  another.  This  is  common  to 
both  electricities,  and  the  greater  the  diftance  to  which  the 
balls  feparate,  and  the  farther  they  repel  one  another  the 
higher  is  the  charge.  To  determine  of  what  kind  it  is,  I 
rub  a fmall  piece  of  glafs  (which  I carry  about  me  for  the 
purpole)  againll  my  hand  or  coat,  which  I know  will  ex- 
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cite  it  pofitively,  and  then  prefcnt  it  to  the  balls  in  their 
diverging  flate.  If  it  makes  the  balls  converge  and  con- 
fequently  avoid  the  glafs,  it  fhews  that  they  arc  cle£lrified 
pofitively,  as  well  as  the  glafs.  On  the  coirtrary,  if  it  iii- 
creafe  their  divergency,  and  attra6l  them,  it  fliews  their 
cle^Iricity  to  be  of  a kind  oppofite  to  that  of  the  glafs,  that 
is,  negative.  And  it  mull  be  remembered,  that  the  elec- 
tricity of  the  balls  (which  do  not  touch,  or  receive  any  elec- 
tricity from  the  wires  of  the  jar  or  battery)  is  always  con- 
trary to  that  with  which  they  are  charged ; for  all  bodies 
placed  within  the  influence  of  eleilrified  bodies,  arcaffedted 
with  the  contraiy  electricity. 

In  order  to  afeertain  the  kind  of  an  exceeding  fmall  de- 
gree of  ele£trlcity,  it  will  be  convenient  to  have  averyliglit 
body,  as  a piece  of  downy  feather  hanging  by  a lilken 
thread.  This  light  body,  when  it  is  once  elcftrified,  cither 
pofitively  or  negatively,  will  retain  its  virtue  a long  time, 
■with  very  little  lofs.  If  then  any  body  (the  eleftricity  of 
which  is  unknown),  be  brought  to  it,  the  feather  will  be 
Tcoelled  bv  it,  if  it  be  of  the  fame  kind  with  its  own,  and 

i 

attracted  if  it  be  the  contrary  to  it.  The  lilk,  by  whicli 
it  is  fufpended,  Ihould  be  a fingle  thread,  as  it  comes  from  j 
the  worm,  or  at  Icall,  a very  few  of  thofe  threads,  and  the 
whole  fliould  be  as  light  as  pofliblc. 


"The  Ekilrophorus. 

t 

I T confifts  of  trvo  plates  A and  B made  of  a circular 
form,  from  lix  to  eighteen  inches  diameter  or  upwards.  The 
upper  plate  is  generally  made  ot  brafs,  but, a tinplate  with  a 
wire  turned  in  upon  its  edge  will  anfwcr  exceeding 
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well.  At  the  center  of  this  phtc  there  is  a focicet,  o,  in 
which  agLfs  handle  I (nine  or  ten  inches  long)  is  fixed.  A 
thin  board  covered  with  tin-foil,  and  fufpended  by  filken 
llrings  will  aniw'er  well,  when  the  eleilrophorus  is  wanted 
of  a large  diameter. 

The  under  plate  may  he  made  of  glafs,  fealing  wax,  or 
of  the  following  compolition,  viz.  Four  parts  rofin,  three 
parts  pitch,  three  parts  ftiel-lac,  two  parts  vcnice-turpcntinc, 
melted  together  over  a gentle  fire  ; it  may  be  poured  and 
fpread  upon  a thin  lin  cloth  about  i of  an  inch  thick; 
the  lin  cloth  mud  be  Itretched  upon  a hoop,  and  made  as 
tight  as  polTible;  if  the  furfacc  be  a little  rough  it  wnll  be 
no  worfe. 

The  manner  of  ufing  this  machine  is  as  follows;  rub  the 
coated  fide  of  the  under  plate  A with  new  fine  flannel,  or  a 
hare  or  cat’s  fkin  ; and  when  it  is  excited  as  much  as  poflible, 
fet  it  upon  a table,  and  place  the  upper  plate  upon  it,  and 
put  your  finger  upon  the  upper  plate;  then  take  your  finger 
off  and  take  hold  of  the  top  of  the  glafs  handle  I,  and  apply 
it  to  the  knob  of  a coated  jar : repeat  this  operation  for  30 
or  40  times  and  the  jar  will  become  charged. 

Mr.  Cavallo  mentions  one  of  the  above  kind  which  be 
made,  w'ith  whicli  he  charged  a coated  phial  feveral  times, 
(by  once  exciting)  fo  flrong  as  to  pierce  a hole  through  a 
card  at  every  dilcharge. 

When  a glafs  is  coated  with  fealing  wax,  after  it  is  ex- 
cited and  laid  with  the  waxed  fide  downward,  and  the  glafs 
uppermoft,  then  on  making  tlie  ufual  experiment  of  putting 
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the  metal  plate  on  it,  and  taking  the  fpark,  &c.  it  will  be 
attended  with  contrary  eledlricity  to  what  it  had  before. 

Medical  EleElricity.  I 

1 

before  we  conclude  the  fubje£l:,  it  will  be  necelTary  | 
to  <dve  fome  rules,  in  order  to  explain  a few  pra£Iical  ex- 
pcrimcnts  of  applying  medical  electricity : and  firfl,  it 
fliould  be  attentively  obferved,  to  apply  the  fmallell  force  of 
. elcdricity,  which  may  be  fufficient  to  remove,  or  alleviate 
any  diforder;  the  chief  difficulty  confifls  in  diftinguifhing 
the  proper  ftrength  of  the  ele£lric  power  that  is  required  for 
a mven  diforder.  The  fex  and  condition  of  the  patient 
mull  be  duly  confidered  ; and,  in  regard  to  this  point,  it  is 
,impoffible  to  give  any  exadl  and  invariable  rules;  the  cir- 
cumllances  being  of  fuch  a nature  and  fo  various,  that  long 
experience,  and  a flricl  attention  to  every  particular  phe- 
nomenon, are  the  only  means  by  which  proper  inllrucSlions 
may  be  received.  The  furell  rule  that  can  be  given  relating 
to  this  particular,  is  to  begin  with  the  moll  gentle  treat- 
ment ; at  lead  fuch,  that  confideringthe  conllitution  of  the 
patient,  may  be  thought  rather  weak  than  flrong.  When 
this  gentle  treatment  has  been  found  ineffc61ual  for  a few  | 
.days,  which  is  denoted  by  the  difeafe  not  ^bating,  and  the 
application  of  ele£lricity  not  cauling  any  rpaterial  altera- 
tion, then  the  operator  may  gradually  increafe  the  force  of 
electricity,  until  he  finds  the  proper  degree  of  it, 

In  judging  of  cafes  proper  to  be  electrified,  experience 
•thews,  that  in  general,  all  kinds  of  obflruCtions,  whether 
of  motion,  of  circulation,  or  of  fecretion,  are  very  often 
removed  or  alleviated  by  eleCtricicity.  The  fame  may 
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alfo  be  fald  of  nervous  diforders;  both  vvliich  include  a 
great  variety  of  difeafes.  The  application  of  eledlricity 
has  alfo  been  found  very  beneficial  in  difeafes  of  a long 
Handing.  It  has  likewife  been  found  a powerful  remedy 
in  mnfcular  contradlions.  But  when  any  limb  of  the  body 
is  deprived  of  motion,  it  mult  be  obferved,  that  the  priva- 
tion of  motion  is  not  always  originated  by  a contrailion  of 
the  mufcles ; but  that  it  is  often  occafioned  by  a relaxation  ; 
thus  for  inftance,  if  the  hand  is  bent  inwardly,  and  the  pa- 
tient has  no  power  of  Hraightening  it,  the  caufe  of  it  may 
be  a wcaknefs  of  the  outward  mufcles,  as  well  as  a con- 
traflion  of  the  inward  ones.  In  fuch  cafes  it  is  often  dif- 
ficult, even  for  good  anatomifts  to  difeover  the  real  caufe, 
but  the  fureft  method  is  to  eledirify,  not  only  thole  mulcles 
i which  are  fuppofed  to  be  contraaed,  but  alfo  their  antago- 
I mils , for  to  elearify  a found  mufcle  is  by  no  means  hurt- 
! fui. 


Rheumatic  diforders,  even  of  long  Handing,  are  relieved, 
and  generally  quite  cured,  by  only  drawing  the  eledlric 
fluid  with  a point  from  the  part,  or  by  drawing  fparks  from 
the  condudlor  i the  operation  fhould  be  continued  for  about 
I four  or  five  minutes,  repeating  it  once  or  twice  every  day, 
I llrong  Ihocks  are  adminiftered,  their  greatell  num- 

ber fliould  not  exceed  a dozen  or  fourteen,  except  when 
they  are  to  be  given  to  the  whole  body  in  different  di- 
redions. 

The  inllruments  which,  befides  the  eledlrical  machine 
and  Its  prime  condudor,  are  neceffary  for  the  adminiflra- 
tion  of  medical  eledricity,  may  be  reduced  to  three,  viz. 
an  eledric  jar,  with  Mr.  Lane’s  eledlrometer;  an  infulated 
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ctialr,  or  an  infulatcd  ftool,  upon  which  a common  chair 
may  be  occafionally  fet,  and  the  directors. 

Reprefents  the  eleiSlric  jar,  with  Mr.  Lane’s  clctSlroiijfi;: 
ter,  and  the  manner  in  wliich  the  Ihocks  are  lent  through 
any  part  of  the  body.  The  furface  of  the  jar,  which  is 
coated  with  tinfoil,  fliould  be  about  four  inches  in  dia- 
meter, and  llx  inches  high,  which  is  equal  to  about  feventy- 
three  fquare  inches.  The  brafs  wire,  which  palTes  through 
the  covering  of  the  jar,  and  touches  theinfide  coating,  has 
a brafs  ball  F,  to  which  the  cledirometer  F D E is  faftened:  | 
and  proceeding  a little  farther  up,  terminates  in  another 
brafs  ball  B,  which  fliould  be  fo  high  as  to  touch  the  [ 
prime  condu(5tor  A,  which  is  fuppofed  to  Hand  before  the 
cle6trical  machine.  The  ele£lrometer  confifls  in  a glafs  | 
flick  F,  D,  cemented  to  two  brafs  caps  F and  D ; from  the  | 
latter  of  which  a Itrong  perpendicular  brafs  wire  proceeds, 
the  extremity  of  which  comes  as  high  as  the  center  of  the 
ball  B,  and  is  furniflied  with  an  horizontal  fpring  focket, 
through  which  the  wire  C E,  having  the  brafs  ball  C at  one 
end,  and  the  open  ring  E at  the  other,  may  be  Aided  back- 
wards and  forwards,  fo  as  to  fet  the  brafs  ball  C at  any  re-  | 
quired  diAance  from  the  ball  B.  This  diftance,  at  inoA,  ! 
heed  not  be  greater  tlian'  half  an  inch  ; hence  the  ele£lro-  > 
meter  may  be  made  very  fmall.  Sometimes  fmall  divi-  s 
vifiohs  are  marked  upon  the  wire  C E,  which  ferve  to  fet  the  t 
balls  B and  C at  a given  diAance  from  one  another  with  [' 
more  readinefs  and  precilion.  Now,  fuppofe  that  the  jar  ^ 
is  fet  contiguous  to  the  prime  conduiSlor,  that  is,  with  the  [i 
ball  B touching  the  condu6lor  ; that  the  ball  C be  fet  at  one  ! 
tenth"' of  an  inch-  diA’ant  from  the  ball  B;  and  that,  by  f’ 
means  of  a chain,  a condudling  communication  be  formed  F 
from' E to  the  outfide  coating  of  the  jar,  by  a chain  X.  In  [ 
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th  scafe,  if  the  eleftrical  machine  be  put  in  motion,  the  jar 
will  be  charged;  and  when  the  charge  is  I'o  high  as  that  the 
cledric  fluid  accumulated  ^vithin  the  jar  can  leap  from  the 
ball  B to  C,  which  we  hat'c  fuppofed  to  be  one  tenth  of  an 
inch  afundcr,  the  difeharge  w'ill  happen,  and  a fpark  ap- 
pear between  the  faid  balls,  and  the  (hock  palTes  through 
the  chain  x;  for  the  part  F D of  the  ele£lrometer  being  of 
glafs,  generally  covered  w'ith  fealing-wax,  is  impervious  to 
electricity,  confequently  the  eleiSlric  fluid  has  no  other  w^ay 
through  which  it  can  pafs  from  the  infide  to  the  outfide  of 
the  glafs  jar.  When  the  lliocks  are  to  be  given  with  this 
apparatus  to  any  particular  part  of  the  body,  for  inftance, 
to  the  arm,  then  inflead  of  the  chain  x,  which  muff  now^  be 
taken  away,  two  {lender  and  pliable  wires,  EL,  I L,  are 
to  be  faflened,  one  to  the  open  ring  E of  the  ele£lrometer, 
and  to  the  brafs  hook  I of  the  (land  H I,  which  communi- 
cates with  the  outfide  coating  of  the  jar.  If  the  jar  has  not 
the  ftand  H I,  the  extremity  I of  the  wdre  I L maybe 
limply  rcfled  under,  or  may  be  tied  round  it.  In  fliort,  it 
muft  be  put  in  contafl  with  the  outfide  coating  of  the  jar,  in 
any  convenient  manner.  The  other  extremities  of  the  laid 
wires  arc  faflened  &ch  to  the  brafs  wires  L,  and  L of  the 
diredors  K L,  K L-  Each  of  thofe  inftruments,  juflly 
called  diredors,  confifts  of  a knobbed  brafs  wire  L,  which 
by  means  of  a brafs  cap  is  cemented  to  the  glafs  handle  K. 
The  operator,  holding  them  by  the  extremity  of  the  glafs 
handle,  brings  their  balls  into  contad  with  the  extremities 
of  that  part  of  the  body  of  the  patient  through  which  he  de- 
lires  to  fend  the  fliock.  fl'hc  management  and  convenience 
of  this  apparatus  are  eafily  comprehended  by  infpeding  the 
figure  ; for  when  the  machine  is  in  motion,  and  the  appa- 
ratus, &c,  is  fituatcd  as  in  the  fi^irc,  the  difeharge  the 
jar  mult  be  evidently  made  through  that  part  of  the  patient’s 
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arm,  \vhich  lies  between  the  knobs  of  the  directors;  and 
the  operator,  whilft  an  afliflant  keeps  the  machine  in  mo- 
tion, has  nothing  more  to  do,  but  to  hold  the  knobs  of  the 
diredors  to  the  extremities  of  the  arm,  or  to  any  other  part 
of  the  body  that  is  required  to  be  thus  ele£lrificd;  always 
taking  care  that  the  two  wires  EL,  I L,  do  not  touch 
each  other,  becaufe  in  that  cafe  the  fhock  will  not  pafs 
through  that  part  of  the  body  which  is  required  to  be  elec- 
trified. Thus  any  number  of  fliocks,  precifely  of  the  fame 
ftrength,  may  be  given,  without  altering  any  part  of  the 
apparatus,  or  having  any  farther  trouble;  and  when  the 
ftrength  of  the  fhocks  is  required  to  be  diminifhed  or  in- 
creafed,  it  is  only  necefTary  to  diminifh  or  augment  the  dif- 
tance  between  the  balls  B C,  which  is  done  by  Hipping  the 
wire  C E forwards  or  backwards  through  the  fpring  focket 
that  holds  it. 

It  is  almofl  needlefs  to  mention,  that  when  Hiocks  are 
adminiftered,  it  is  immaterial  whether  the  patient  (lands 
upon  the  ground,  upon  the  infulating  (tool,  or  in  any  other 
fituation  whatever.  Neither  is  it  always  necefTary  to  re- 
move thecloathes  from  the  part  that  is  to  be  eledlrified,  in 
order  to  let  the  knobs  of  the  dire£lors  touch  the  fkin  ; for, 
except  the  coverings  be  too  many  and  too  thick,  in  which 
cafe  part  of  them  at  lead  fhould  be  removed,  the  fhocks  will 
go  through  them  very  eafily,  efpecially  if  the  knobs  of  the 
dircdlors  be  prefTed  a little  upon  the  part. 
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Of  the  Technical  Terms  tifed  by  JFrlters  on  the  Suhjefi  cf 

ElcSiricity, 

BATTERY,  eleHrlcal,  a number  of  jars  combined  Plate, I H- 
together,  ib  that  they  may  be  all  charged  and  difeharged  at 
the  fame  time.  The  form  of  one  is  exhibited.  Fig.  12. 

Charging,  throwing  an  additional  quantity  of  cledfric 
matter  upon  one  fide  of  a plate  of  glafs,  or  a jar,  while  the 
other  fide  is  exhaufted  in  the  fame  proportion.  All  other 
electric  fubftances  are  capable  of  being  charged  as  Well  as 
glafs. 

Circuit,  eleSlric,  thofe  condudling  fubfianccs  which  are 
made  ufe  of  to  form  a communication  between  the  two 
coatings  of  a charged  jar  or  battery,  &c.  and  through 
which  the  eleftric  matter  mull  pafs,  when  the  equilibrium 
between  the  two  fides  is  rellored  by  the  difeharge. 

Coatings,  plates  of  metal,  or  other  conducting  fubfiances, 
laid  upon  plates  of  glafs,  or  other  electrics,  whereby  the 
additional  quantity  of  electric  matter,  called charge,  may 
be  the  more  eafily  and  uniformly  conveyed  to  them,  or  dif- 
eharged from  them. 

ConduElor,  prime,  a piece  of  metal  furnifhed  with  points, 
to  receive  eledtric  matter  from  the  globe,  after  it  has  been 
excited  by  fridtion.  It  mult  always  be  infulated,  or  cut  off 
from  a communication  with  the  earth  by  means  ofeledlric 
fubltances,  fuch  zs  glafs,  baked  wood,  &c.  Whenever  the 
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conduBor  is  mentioned,  the  prime  condudlor  muft  alfo  be 
undeiitood. 

CmduBors,  or  conduBwg  JuhJlances\  thofc  bodies  through 
which  the  ele£lric  matter  may  be  tranfmitted.  T'hey  are 
aUo  called  non-eleclrics,  becaufe  no  electric  powers  can  be 
excited  in  them  by  fridion. 

Difcharglrig,  reftoring  the  equilibrium  of  the  electric  fluid, 
after  it  has  been  dillurbed  by  charging.  It  is  aftedlcd  by 
forming  a communication  between  the  overloaded  and  the 
exhaufted  fide  of  a glafs  jar,  battery,  &;c.  by  means  of  con- 
dudding  fubftances,  through  which  the  overplus  or  charge 
may  pafs  from  the  one  to  the  other.  When  the  difeharge  is 
confiderable,  it  is  often  called  ■j.n-cxplojiofi. 

Difchargtng  rod,  a brafs  rod,  with  a knob  at  each  end, 
very  convenient  cither  for  taking  fparks  from  the  prime  con- 
dudlor,  or  for  difeharging  jars  or  batteries.  is  fometimes 
bent  into  a fcmicircular  form,  in  order  to  brrhg  one  of  the 
knobs  to  the  outfide,  and  the  other  to  the  wire,  communi- 
cating with  the  infidc  of  a charged  jar,  in  order  to  dilcharge 
it,  by  receiving  the  cxplofion  on  the  knob. 

EieBric  matter,  that  fiibtlc  fluid  which  is  fnppofcd  to  be  the 
caui'e  of  all  thofc  appearances  which  are  termed  elcdlric.  It 
is  fometimes  called  electric  fire,  and  lometimes  ether. 

F.h'Brics,  thofe  bodies  In  wdiich  cledlric  powers  of  attrac- 
tion, rcpulflon  «S:c.  may  be  excited  by  fridlion.  They  are 
are  alfo  called  non-conduBon,  becaufe  the  ele^ric  matter 
cannot  pafs  through  them. 

Elec- 
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ElcBromctcrs,  inftrumcnts  to  mcafure  the  degree  of  elec- 
triHcation ; (that  is  the  quantity  of  clc6lric  matter  thrown 
upon  any  I ody)  or  the  force  of  an  eleftrical  explofion, 

Exciiaiion,  the  of  exciting  or  calling  forth  ele&Ic 
powers  from  eledlric  fubllances,  by  means  of  friddion,  and 
other  methods. 

Injulathig,  placing  bodies  wdiere  they  are  not  in  contadl 
with  any  condudling  fubflance ; as  by  fufpending  them  in 
the  air  by  filken  firings,  putting  them  on  glafs  (tands,  &c. 
fo  that  the  eledlricity  they  may  be  charged  with  cannot  be 
conveyed  to  the  earth. 

Negative  ele^rklty,  a lefs  quantity  of  the  eledlrlc  matter 
than  is  natural  to  any  body. 

Pencil,  the  appearance  of  eledlric  light  ifluing  from  the 
point  of  a body  eledlrifiedpofitively. 

Pofitlve  eleSirlcliy,  a quantity  of  eledlric  matter  thrown 
upon  any  body,  above  its  natural  fliare. 

Rubber  or  cujhlon,  a piece  of  leather,  or  any  other  fub- 
flance againll  which  the  glafs  globe,  or  other  eledlric  body 
whirled  in  the  machine,  is  rubbed,  in  order  to  excite  them. 

Shock,  eleSirlc,  the  convulfion  given  to  the  animal 
rnufcles  by  the  paffage  of  the  eledlric  matter  through  thein> 
efpecially  in  the  difeharging  of  ajar  or  battery. 
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Star,  the  appearance  of  cle£lrlc  light  from  the  point  of  a 
body  eledtrified  negatively, 

IFire  of  a -phial,  a jar,  or  battery,  the  wire  or  metal  rod 
which  goes  into  the  phial,  and  whicli  touches  the  infide 
coating.  This  wire  is  therefore  often  put  for  the  infide 
coating. 


^VJo  Methods  to  make  Amalgam. 

FIRST  take  fpelter  four  ounces,  and  diflblvc  it  in  an 
iron  ladle  over  a fire,  let  it  cool  a little,  but  not  fo  as  to  be- 
come quite  llifF;  add  to  it,  while  in  that  (late,  fix  ounces 
of  mercury,  and  ftlr  them  well  up  together;  then  turn  it 
out  of  the  ladle  upon  a fmooth  fione,  and  grind  it  with  a 
muller  till  it  becomes  like  fine  tough  pafie,  which,  put  into 
a box,  and  it  is  ready  for  ufe.  If  it  fliould  become  too 
hard,  grind  it  again  with  a little  more  mercury;  the  ad- 
dition of  a little  tallow  may  be  occafionally  added. 


The  Second  Method. 

TAKE  of  tin  one  pound ; flowers  of  fulphur  feven 
ounces;  fal  ammoniac,  and  purified  quickfilver,  of  each 
half  a pound. 

Melt  the  tin  by  itfelf,  add  to  it  the  quickfilver,  and  when 
the  mixture  is  grown  cold  reduce  it  into  powder : mix  this 
with  the  fulphur  and  fal  ammoniac,  and  fublimate  it  in  a 
matrafs:  themofaic  gold  will  be  found  under  the  fublimated 
matter,  with  fome  drofs  at  the  bottom ; this  is  thought  as 
powerful  an  amalgam  as  the  former. 


A Com- 
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A Compofition  for  lining  the  infide  of  Globes  or  Cylinders. 

TAKE  four  parts  of  V'enice  turpentine,  one  part  of  rofin, 
and  one  of  beefe-wax,  boll  the  whole  over  a gentl'e  fire  for 
two  hours,  and  it  is  fit  for  ufe.  When  a globe  or  cylinder 
is  to  be  lined,  it  muft  be  put  into  an  oven,  with  a fufficient 
quantity  of  the  compofition,  broken,  and  put  in  the  infide, 
and  when  it  is  melted,  it  mull:  be  turned  round  every  way, 
in  order  tofpreadit  all  over  equally.  This  lining  has  been 
found  to  increafe  the  eleSlric  power  amazingly.  Mr. 
Prieflley  ufed  linfeed  oil  and  rofin  in  the  fame  manner  as 
above  diredled,  the  proportion  was  equal  parts  of  each, 
boiled  very  well  together. 


A P'^urnif}  for  all  the  Parts  of  the  Machine  which  are  Infulated. 

TAKE  fplrits  of  wine,  highly  rectified,  and  in  it,  dif- 
folve  the  bell  'fealing-wax  to  a tolerable  lliff  confiftence,  with 
which,  varnifh  over  all  your  glafs  pillars,  to  keep  off  the 
moilture  they  attract  from  damp  air. 
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NEUMATICS,  is  that  branch  of  natural  philofo- 


^ phy  which  treats  of  the  nature,  weight,  prcffurc,  and 
elaflicity  of  the  air,  and  the  effedls  rifing  therefrom. 


Of  the  Properties  of  the  Air. 


THE  air  is  that  thin  tranfparcnt  fluid  in  which  we  live 
and  breathe.  It  encompafles  the  whole  earth  to  a confider- 
able  height ; and,  together  with  the  clouds  and  vapours 
that  float  in  it,  it  is  called  the  atmofphere.  The  air  is 
juflly  reckoned  among  the  number  of  fluids,  becaufe  it  has 
all  the  properties  by  which  a fluid  is  diftinguifhed.  For,  it 
yields  to  the  leaft  force  imprefled,  its  parts  are  eafily  moved 
among  one  another,  it  prelTes  according  to  its  perpendicular 
height,  and  its  preflure  is  every  way  equal. 

That  the  air  is  a fluid,  conflfting  of  fuch  particles  as  have 
no  cohefion  betwixt  them,  but  eafily  glide  over  one 
another,  and  yield  to  the  flighteft  impreflion,  appears  from 
that  cafe  and  freedom  with  which  animals  breathe  in  it,  and 
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move  through  it  without  any  difficulty  or  fcnfible  refift- 
ance. 

But  it  differs  from  all  other  fluids,  in  the  four  following 
particulars,  i.  It  can  be  comprefled  into  a much  lefs 
fpace  then  what  it  naturally  poffeffeth.'  2.  It  cannot  be 
congealed  or  fixed,  as  other  fluids  may.  3.  It  is  of  a dif- 
ferent denfity  in  every  part,  upward  from  the  earth’s  fur- 
face;  decreafing  in  its  weight,  bulk  for  bulk,  the  higher 
it  rifes ; and  therefore  muff  alfo  decrcafe  in  denfity.  4.  It 
is  of  an  elaftic  or  fpringy  nature,  an4  the  force  of  its  fpring 
is  equal  to  its  weight. 

That  air  is  a body,  is  evident  from  its  excluding  all 
other  bodies  out  of  the  fpace  it  poffeffeS:  for,  if  a glafs  jar 
be  plunged  with  its  mouth  downward  into  a velTel  of  water, 
there  will  but  very  little  water  get,  into  the  jar,  becaufe  the 
air  of  which  it  is  full  keeps  the  water  out. 

As  air  is  a body,  it  mufl;  needs  have  gravity  or  weight; 
and  that  it  is  weighty,  is  demonflrated  by  experiment. 
For,  let  the  air  be  taken  out  of  a veffel  by  means  of  the  air 
pump,  then,  having  weighed  the  veffel,  let  in  the  air  again, 
and  upon  weighing  it  when  refilled  with  air,  it  will  be 
found  confidcrably  heavier.  Thus,  a bottle  that  holds  a 
wine  quart,  being  emptied  of  air  and  weighed,  is  found  to  ' 
be  about  16  grains  lighter  than  when  the  air  is  let  into  it ! 
again;  which  fliews  that  a quart  of  air  weighs  16  grains. 
But  a quart  of  water  weighs  14621  grains  ; this  divided  by  ; 
x6  quotes  914  in  round  numbers;  which  fliews,  that  wa-  J 
ter  is  914  times  as  heavy  as  air  near  the  furface  of  the^ 
earth. 
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As  the  air  rifcs  above  the  earth’s  furface,  it  grows  rarer, 
and  confcquenily  lighter,  bulk  for  bulk.  For  fmcc  it  is 
of  an  claftic  nature,  and  its  lowermoft  parts  are  prelfcd  with 
the  weight  of  all  that  is  above  them,  it  is  plain  that  the  air 
mull  be  more  denfe,  or  compadl  at  the  earth’s  furface, 
than  at  any  height  above  it ; and  gradually  rarer  the  higher 
up.  For  the  denfity  of  the  air  is  always  as  the  force  that 
comprelTeth  it:  and  therefore,  the  air  toward  the  upper 
part  of  the  atmofphcre  being  lefs  prelled  than  that  which  is 
near  the  earth,  will  expand  itfelf,  and  thereby  become 
thinner  than  at  the  earth’s  furlacc. 

Dr.  Cotes  has  demonflrated,  that  if  altitudes  in  the  air 
be  taken  in  arithmetical  proportion,  the  rarety  of  the  air 
will  be  in  geometrical  proportion,  bor  inltance, 
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times  thinner  and  lighter  than  at  the  earth  s furface. 
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And  hence  It  is  eafy  to  prove  by  calculation,  that  a cubic 
inch  ot'fuch  air  as  we  breathe  would  be  lo  much  rarefied 
at  tlie  altitude  of  500  miles,  that  it  would  fill  a fpherc 
equal  in  diameter  to  the  orbit  of  Saturn. 

The  weight  or  prcfTure  of  the  air  is  exa£lly  determined 
by  the  following  experiment. 

Take  a glafs  tube  about  three  feet  long,  and  open  at  one 
end ; till  it  with  quickfilver,  and,  putting  your  finger 
upon  the  open  end,  turn  that  end  downward  and  immerfe 
it  into  a fmall  velfel  of  quickfilver,  without  letting  in  any 
air:  then  take  away  your  finger,  and  the  quickfilver  will 
remain  fufpended  in  the  tube  291-  inches  above  its  furface 
in  the  veflel;  fometimes  more  and  at  other  times  lefs,  as 
the  weight  of  the  air  is  varied  by  winds  and  other  caufes. 
That  the  quickfilver  is  kept  up  in  the  tube  by  the  prefTure 
is  evident;  for,  if  the  bafon  and  tube  be  put  under  a glafs, 
and  the  air  be  then  taken  out  of  the  glafs,  all  the  quick- 
filver  in  the  tube  will  fall  down  into  the  bafon,  and  if  the 
air  be  let  in  again,  the  quickfilver  will  rife  to  the  fame 
height  as  before.  Therefore  the  air’s  prefTure  on  the  fur- 
face  of  the  earth,  is  equal  to  the  weight  of  29^  inches 
depth  of  quickfilver  all  over  the  earth’s  furface,  at  a mean 
rate. 

A fquare  column  of  quickfilver,  29 1 inches  high,  and 
pne  inch  thick,  w'eighs  juft  15  pounds,  which  is  equal  to  the 
prelTure  of  the  air  upon  every  fquare  inch  of  the  earth’s  fur- 
face;  and  144  times  as  much,  or  2160  pounds,  upon  every 
fquare  foot  contains  144  fquare  inches.  At  this  rate  a 
middle  fi/cd  man,  whofe  furface  may  be  about  14  fquare 
feet,  fufUins  a prefTure  of  30240  pounds,  when  the  air  is  of 


a mean 
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a mean  gravity:  a prefiTure  which  would  be  infupportable, 
and  even  fatal  to  us,  were  it  not  equal  on  every  part,  and 
counterbalanced  by  the  fpring  of  the  air  within  us,  which  is 
dilfufctl  through  the  w'hole  body,  and  re-ads  with  an  equal 
force  againlt  the  outward  prclTure. 


Now,  fmcc  the  earth's  furface  contains  200,000,000 
fquare  miles,  and  every  fquare  mile  27,876,400  fquare  feet, 
there  mull  be  5,575,680,000.000,000  fquare  feet  on  the 
earth’s  furface;  which  multiplied  by  2160  pounds  (the  pref- 
furc  on  each  fquare  foot)  gives  1 2,04-3 

pounds  for  the  prelTure,  or  weight  of  the  whole  atmof- 
phere. 

When  the  end'of  a pipe  is  immerfed  in  water,  and  the 
air  is  taken  out  of  the  pipe,  the  water  will  rife  in  it  to  the 
height  of  33  feet  above  the  furface  of  the  water  in  whicli  it 
is  immerfed;  but  will  go  no  higher:  for  it  is  found,  that  a 
common  pump  will  draw  water  no  higher  than  33  feet  above 
the  furface  of  the  w'cll ; and  unlcfs  the  bucket  goes  within 
that  dillance  from  the  well,  the  water  will  never  get  above 
it.  Now,  as  it  is  the  prelTure  of  iheatmofphere  on  the  fur- 
face  of  the  water  in  the  well  that  caufes  the  water  to  afeend 
in  the  pump,  and  follow  the  pillon  or  bucket,  when  the  air 
above  it  is  lifted  up;  it  is  evident,  thatacoluinn  ofw'ater33 
feet  high,  is  equal  in  weight  to  a column  of  quicklllver  of 
the  fame  diameter,  29^  inches  high;  and  to  as  thick  a 
column  of  air,  reaching  from  the  earth’s  furface  to  the  top 
of  the  atmofphere. 

In  ferene  calm  w'eather,  the  air  has  weight  enough  to 
fupport  a column  31  inches  high;  but  in  tempelluous 
flormy  weather,  not  above  28  inches.  The  quickfilver 

thus 
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thus  fupportcd  in  a glafs  tube,  is  found  to  be  a nice  coun- 
terbalance to  the  weight  or  preiFurc  of  the  air,  and  to  fliew 
its  alterations  at  different  times.  And  being  now  generally 
ufed  to  denote  the  change,  in  the  weight  of  the  air,  and  of 
the  weather  confequent  upon  them,  it  is  called  the  baromefer 
or  weather  glafs.  (Seethe  conflru£lion  andufe  of  the  ba- 
rometer in  the  Mifcellaneous  Articles.) 

The  preffure  of  the  air  being  equal  on  all  Tides  of  a body 
expofed  to  it,  the  fofteft  bodies  fuflain  this  preffure  Muthout 
fuffering  any  change  in  their  figure ; and  fo  do  the  moft 
brittle  bodies  without  being  broke. 

The  air  is  rarefied,  or  made  to  fwell  with  heat,  and  of 
this  property,  zy/Wis  a neceffary  confequence.  For,  when 
any  part  of  the  air  is  heated  by  the  fun,  or  otherwife,  it 
will  fwell  and  thereby  affe61:  the  adjacent  air;  and  fo  by 
various  degrees  of  heat  in  different  places,  there  will  arife 
various  winds. 

When  the  air  is  much  heated,  it  will  afeend  towards  the 
upper  part  of  the  atmofphere,  and  the  adjacent  air  wfill  rufh 
in  to  fupply  its  place ; and  therefore,  there  will  be  a ftream 
or  current  of  air  from  all  parts  towards  the  place  where  the 
heat  is.  And  hence  we  fee  the  reafon  why  the  air  ruflies  with 
fuch  force  into  any  place  where  a great  fire  is  made.  And 
alfo,  why  fmoke  is  carried  up  a chimney,  and  why  the  air 
rufhes  in  at  the  key  hole  of  the  door,  or  any  fmall  chink, 
when  there  is  a fire  in  the  room.  So  we  may  take  it  in 
general,  that  the  air  will  prefs  towards  that  part  of  the  world 
where  it  is  molt  heated. 


Upon 


104 


an  introduction  to  ! 

upon  this  principle,  wc  can  eafily  account  for  the  trade  ft 
uoinds,  which  blow  conftantly  from  ea(t  to  welt  about  the  ft 
equator.  For,  when  the  fun  fhincs  perpendicularly  on  I) 
any  part  of  the  earth,  it  will  heat  the  air  very  much  m ft 
that  part,  which  air  will  therefore  rife  upward,  and  when  ft 
the  fun  withdraws,  the  adjacent  air  will  rufh  in  to  fill  its  I 

place;  and  confequently  will  caufe  a ftream  or  current  of  ft 

air  from  all  parts  towards  that  which  is  moft  heated  by  the  ft 
fun.  But  as  the  fun,  with  refpeft  to  the  earth,  moves  from 
caft  to  weft,  the  common  courfe  of  the  air  will  be  that  way 
too;  continually  prefling  after  the  fun:  and  therefore,  at 
the  equator  where  the  fun  fhincs  ftrongly,  there  will  be  a 
continual  wind  from  the  eaft ; but  on  the  north  fide,  it  will 
Incline  a little  to  the  north,  and  on  the  fouth  fide  to  the 
fjuth. 

This  frcncral  courfc  of  wind  about  tlic  equator,  is  changed 
in  fevcral  places,  and  upon  feveral  accounts,  as  i.  By  ex- 
halations that  rife  out  of  the  earth  at  certain  times,  and  from 
certain  places  ; in  earthquakes,  and  volcanoes.  2.  By  the 
falling  of  groat  quantities  of  rain,  caufing  thereby  a fudden 
condenfation  or  conti-aftion  of  the  air.  3.  By  burning; 
fands,  that  often  retain  the  folar  heat  to  a degree  incredible 
tothofewho  have  not  felt  it,  caufing  a more  than  ordinary 
rarefadlion  of  the  the  air  contiguous  to  them.  4,  By  high 
mountains,  which  alter  the  direftion  of  the  winds  in  flriking 
againft  them.  5.  By  the  declination  of  the  fun  towards  the 
north  or  fouth,  heating  the  air  on  the  north  or  fouth  fide 
the  equator. 

Tothefe  and  fuch  like  caufes  are  owing,  i.  The  irre- 
gularity or  uncertainty  of  winds  in  climates  diflant  from  the  | 
equator,  as  in  moft  parts  of  Europe.  2.  Rftiofe  periodical 

winds 
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TS’inds  called  tnonfcons,  which  in  the  Indian  Teas  blow  half  The  Mon. 
a year  one  way,  and  half  a year  another.  3.  Thofe  winds 
which  on  the  coafl  of  Guinea,  and  on  the  weftern  coafts  of 
America,  blow  always  from  weft  to  eaft.  4.  The  fea 
breezes,  which  in  hot  countries,  blow  generally  from  fea 
to  land,  in  the  day  time;  and  the  land  breezes,  which 
blow  in  the  night;  and,  in  fliort,  all  thofe  ftorms,  hurri- 
canes, whirlwinds,  and  irregularities,  which  happen  at 
different  times  and  places. 

r 

All  common  air  is  impregnated  with  a certain  kind  of  Thcvivity 
vivifying  fpirit  or  quality,  which  is  neceffary  to  continue  the 
lives  of  animals:  and  this,  in  a gallon  of  air,  is  fufficient 
for  one  man  during  the  fpace  of  a minute,  and  not  much 
longer. 

This  fpirit  in  air  is  deftroyed  in  paffing  through  the 
lungs  of  animals:  and  hence  it  is,  that  an  animal  dies  foon 
after  being  put  under  a veftel  wLich  admits  no  freflt  air  to 
come  to  it.  This  fpirit  is  alfo  in  the  air  which  is  iri  water ; 
for  fifh  die  when  they  are  excluded  from  frefti  air,  as  in  a 
pond  that  is  clofely  frozen  over.  And  the  little  eggs  of  in- 
fcdls  flopped  up  in  a glafs  do  not  produce  their  young, 
though  aflifted  by  a kindly  warmth.  The  feeds  alfo  of 
plants  mixed  with  good  earth,  and  inclofed  in  a glafs  will 
not  grow. 

This  enlivening  quality  in  air,  is  alfo  deftroyed  by  the 
air’s  palling  through  fire ; particularly  charcoal  fire  or  the 
flame  of  fulphur.  Hence  fmoaking  chimnies  muft  be  very 
unwholcfome,  cfpecially  if  the  rooms  they  are  in  be  finall 
and  clofe. 


P 


Air 
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Air  is  alfo  vitiated,  by  remaining  clofely  pent  up  m any 
place  fcr  a confiderable  time;  or  perhaps,  by  being  mixed 
with  malignant  fleams  and  particles  flowing  from  the  neigh, 
bouring  bodies:  or  laflly,  by  the  corruption  of  the  vivifying 
fpirit;  as  in  the  holds  of  fliips,  in  oil  ciflerns,  or  wine  cel- 
lars, which  have  been  fhut  for  a confiderable  time.  The 
ajr  in  any  of  them  is  fometimes  fo  much  vitiated,  as  to  be 
immediate  death  to  any  animal  that  comes  into  it. 


I 

i 


Damps.  Air  that  has  lofl  its  vivifying  fpirit  is  called  damp,  not  )i 
only  becaufe  it  is  filled  with  humid  or  moifl  vapours,  but 
becaufe  it  deadens  fire,  extinguifhes  flame,  and  deflroys 
life.  The  dreadful  efFedls  of  damj^s  are  fufliciently  known 
to  fuch  as  work  in  mines. 

If  part  of  the  vivifying  fpirit  in  air  in  any  country  begins 
to  putrlfy,  the  inhabitants  of  that  country  will  be  fubjeil  to 
an  epidemical  difeafe,  which  will  continue  until  the  putre- 
fa£lion  is  over.  And  as  the  putrifying  fpirit  occafions  this 
difeafe,  fo  if  the  difeafed  body  contributes  towards  the  pu- 
trifying of  the  air,  then  the  difeafe  will  not  only  be  epide- 
mical, but  peftilential  and  contagious. 

The  atmofphere  is  the  common  receptacle  of  all  the  ef- 
fluvia or  vapours  arifing  from  different  bodies  ; of  the  fleams 
and  fmoke  of  things  burnt  or  melted  ; the  fogs  or  vapours 
proceeding  from  damp  watery  places;  and  of  the  effluvia 
proceeding  from  fulphureous,  nitrous,  acid,  and  alkaline 
bodies.  In  fliort,  whatever  may  be  called  volatile,  rifes  in 
air  to  greater  or  lefs  heights,  according  to  its  fpecific. 
gravity. 


When 
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When  the  effluvia  which  arife  from  acid  and  alkaline  Fermenta- 
bodies  meet  each  other  in  the  air,  there  will  be  a ftrong 
conflifS  or  fermentation  between  them;  which  will  fome- 
times  be  fo  great,  as  to  produce  a fire  ; then  if  the  effluvia 
be  combuftible,  the  fire  will  run  from  one  part  to  another, 
jufl  as  the  inflammable  matter  happens  to  lie. 

Any  one  may  be  convinced  of  this,  by  mixing  an  acid 
and  an  alkaline  fluid  together,  as  Glauber’s  fpirit  of  nitre 
and  oil  of  cloves,  upon  the  doing  of  which,  a fudden 
ferment,  with  a fine  flame,  will  arife;  and  if  the  in- 
gredients be  very  pure  and  ftrong,  there  will  be  a fudden 
explofion. 

Whoever  conGders  the  efte£ls  of  fermentation,  cannot  be  Thunder 
at  a lofs  to  account  for  the  dreadful  effects  of  thunder  and 

ning. 

lightning:  for  the  effluvia  of  fulphureous  and  nitrous  bodies, 
and  others  that  may  rife  into  the  atmofphere,  will  ferment 
with  each  other,  and  take  fire  very  often  of  themfelvcs ; 
fometimes  by  the  afliflance  of  the  fun’s  heat. 

If  the  inflammable  matter  be  thin  and  light,  it  will  rife 
to  the  upper  part  of  the  atmofphere,  where  it  will  flafh 
without  doing  any  harm:  but  if  it  be  denfe,  it  will  lie 
nearer  the  furface  of  the  earth,  where  taking  Are,  it  will 
explode  with  afurprizing  force:  and  by  its  heat  rarefy  and 
drive  away  the  air,  kill  men  and  cattle,  fplit  trees,  walls, 
rocks,  &c.  and  be  accompanied  with  terrible  claps  of 
thunder. 

The  heat  of  lightning  appears  to  be  quite  different  from 
that  of  other  fires;  for  it  has  been  known  to  run  through 
wood,  leather,  cloth,  &c.  without  hurting  them,  while  it 

P % has 
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has  broken  and  melted  iron,  fteel,  filver,  gold,  and  ofher 
hard  bodies.  Thus  it  has  melted  or  burnt  afiinder  a Iword, 
without  hurting  the  fcabbard ; and  money  in  a .man’s 
pocket,  witliout  hurting  his  cloaths  ; the  rcafon  of  this 
feems  to  be,  that  the  particles  of  that  fire  are  lb  fine,  as  to 
pal's  through  fqft,  loofe  bodies,  without  didblving  them; 
vvliillt  they  fpend  their  whole  force  upon  the  hard  ones. 

It  is  remarkable,  that  knives  and  forks  which  have  been 
fliuck  with  lightning  have  a very  firong  magnetical  virtue 
for  feveral  years  after:  and  I have  heard  that  lightning 
ftriking  upon  the  mariner’s  compafs,  will  fometimes  turn  it 
round;  and  often  make  it  Hand  the  contrary  way;  or  with 
the  north  pole  towards  the  fouth. 

Tire  damps  ]\luch  of  the  fame  kind  with  lightning  are  tliofe  explo- 
fions,  called  fulminating  or  fire  damps,  which  fometimes 
liappen  in  mines;  and  are  occafioned  by  fulphureous  and 
nitrous,  or  rather  oleaginous  particles,  riling  from  the  mine* 
and  mixing  with  the  air,  where  they  will  take  fire  by  the 
lights  the  workmen  are  obliged  to  make  ufe  of.  The  fire 
being  kindled  will  run  from  one  part  of  the  mine  to  ano- 
ther, like  a train  of  gunpowder,  as  the  combufliblc  matter 
happens  to  lie  ; and  as  the  clallicity  of  the  air  is  increafed 
by  that  heat,  that  in  the  mine  will  confequently  fwell  very 
much,  and  fo,  for  want  of  room,  will  explode  with  a greater 
or  Icfs  degree  of  force,  according  to  the  denfity  of  the  com- 
buftiblc  vapours.  It  is  fometimes  fo  llrong,  as  to  blow  up 
the  mine ; and  at  other  times  fo  weak,  that  when  it  has  taken 
fire  at  the  flame  of  a candle,  it  Is  eafily  blown  out. 

Air  that  will  take  fire  at  the  flame  of  a candle,  may  be 
produced  thus.  Having  exhaufted  a receiver  of  the  air- 

pump. 
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pump,  let  the  air  run  into  it  through  the  flame  of  the  oil  of 
turpentine;  then  remove  the  cover  of  the  receiver,  and 
holding  a cdndle  to  that  air,  it  will  take  fire,  and  burn 
quicker  or  flower,  according  to  the  denfity  of  the  oleaginous 
vapour. 

When  fuch  combuflible  matter,  as  is  above-mentioned,  Earth- 
kindles  in  the  bowels  of  the  earth,  where  there  is  little  or**”®*^*^' 
no  vent,  it  produces  earthquakes,  and  violent  ftorms  or 
hurricanes  of  wind  when  it  breaks  forth  in  the  air. 

An  artificial  earthquake  may  be  made  thus.  Take  lo  or 
15  pounds  of  fulphur,  and  as  much  of  the  filings  of  iron, 
and  knead  them^with  common  water  into  the  confiflency 
of  a parte;  this  being  buried  in  the  ground,  will,  in  8 or  10 
hours  time,  burft  out  into  flames,  and  caufc  the  earth  to 
tremble  all  around  to  a confiderable  dirtance. 

From  this  experiment  we  have  a very  natural  account  of 
the  fires  of  Mount  JEtnz,  Vefuvius,  and  other  volcanoes, 
they  being  probably  feton  fire  at  firft  by  the  mixture  of  fuch 
metalline  and  fulphureous  particles. 

The  air-pump  being  conrtru£ted  the  fame  way  as  the  yjj 
water-pump,  whoever  underrtands  the  one,  will  be  at  no  i- 
lofs  to  underftand  the  other. 

Having  put  a wet  leather  on  the  plate  L L of  the  air- 
pump,  place  the  glafs  receiver  M upon  the  leather,  fo  that 
the  hole  i,  in  the  plate  may  be  within  the  glafs.  Then, 

I turning  the  handle  F backward  and  forward,  the  air  will  be 
pumped  out  of  the  receiver;  which  will  then  be  held  down 
to  the  plate  by  the  prefTure  of  the  external  air,  or  atmof- 

phere. 
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phere.  For,  as  the  handle  F,  ( Fig.  2. ) is  turned  back- 
wards, it  raifes  the  pifton  d e in  the  barrel  B K,  by  means 
of  the  wheel  E and  rack  D d : and,  as  the  pifton  is  leathered 
fo  tight  as  to  fit  the  barrel  exadly,  no  air  can  get  between 
the  pidon  and  barrel ; and  therefore  all  the  air  above  d in 
the  barrel  is  lifted  up  towards  B,  and  a vacuum  is  made  in 
in  the  barrel  from  b to  e ; upon  which,  part  of  the  air  in  the 
receiver  M ( Fig.  r. ) by  its  fpring,  rufhes  through  the  hole 
i,  in  the  brafs  plate  L L along  the  pipe  G CG  (which 
communicates  with  both  barrels  in  the  hollow  trunk  I H K 
Fig.  2.  ) and  puniing  up  the  valve  b,  enters  into  the  va- 
cant place  b e of  the  barrel  B K.  ^For,  wherever  the  re- 
finance or  preffure  is  taken  off,  the  air  will  run  to  that  place, 
if  it  can  find  a pafTage.  Then,  if  the  handle  F be  turned 
forward,  the  pifton  d e will  be  deprefi'ed  in  the  barrel;  and, 
as  the  air  which  had  got  into  the  barrel  cannot  be  puflied 
back  through  the  valve  b,  it  will  afeend  through  a hole  in 
the  pifton,  and  efcape  through  a valve  at  d ; and  be  hin- 
dered by  that  valve  from  returning  into  the  barrel,  when 
the  pifton  is  again  raifed.  At  the  next  raifing  of  the  pifton, 
a vacuum  is  again  made  in  the  fame  manner  as  before,  be- 
tween b and  c;  upon  w'hich,  more  of  the  air  that  was  left 
in  the  receiver  M,  gets  out  thence  by  its  fpring,  and  runs 
into  the  barrel  B K,  through  the  valve  B.  The  fame  thing 
is  to  be  underftood  with  regard  to  the  other  barrel  A I ; 
and  as  the  handle  F is  turned  backwards  and  forwards,  it 
alternately  raifes  and  deprelTes  the  piftons  in  their  barrels  ; 
always  raifmg  one  while  it  deprefles  the  other.  And,  as 
there  is  a vacuum  made  in  each  barrel  when  its  pifton  is 
raifed,  the  particles  of  air  in  the  receiver  M pufh  out  ano-V 
ther  by  their  fpring  or  elafticity,  through  the  hole  i,  and 
pipe  G G into  the  barrels;  until  at  laft  the  air  in  the  re- 
ceiver comes  to  be  fo  much  dilated,  and  its  fpring  fo  far 
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weakened,  that  it  can  no  longer  get  through  the  valves  ; and 
then  uo  more  can  be  taken  out.  Hence,  there  is  no  fuch 
thing  as  making  a perfecSl  vacuum  in  the  receiver  ; for  the 
quantity  of  air  taken  out  at  any  one  ftroke,  w'ill  always  be 
as  the  denfity  thereof  in  the  receiver,  and  therefore  it  is  im- 
■ poflible  to  take  it  all  out,  becaufe,  fuppofing  the  receiver  and 
barrels  of  equal  capacity,  there  will  be  always  as  much  left 
as  was  taken  out  at  the  lafl  turn  of  the  handle. 

There  is  a cock  k below  the  pump  plate,  which  being 
turned,  lets  the  air  into  the  receiver  again ; and  then  the 
receiver  becomes  loofeand  may  be  taken  off  the  plate.  The 
barrels  are  fixed  to  the  frame  E e e by  two  fcrew  nuts  f f, 
which  prefs  down  the  top  piece  E upon  the  barrels : and 
the  hollow  trunk  H ( in  Fig.  2. ) is  covered  by  a box,  as 
G H (in  Fig.  i.) 

There  is  a glafs  tube  1 m m m n open  at  Both  ends,  and 
about  34  inches  long;  the  upper  end  communicating  with 
the  hole  in  the  pump-plate,  and  the  lower  end  immerfed 
in  quickfilver  at  n in  the  velTel  N.  To  this  tube  is  fitted 
a wooden  ruler  m m,  called  the  gauge,  which  is  divided  into 
inches  and  parts  of  an  inch,  from  the  bottom  at  n ( where 
it  is  even  with  the  furface  of  the  quickfilver ) and  conti- 
nued up  to  the  top,  a little  below  1,  to  30  or  31  inches. 

As  the  air  is  pumped  out  of  the  receiver  M,  it  is  like- 
wife  pumped  out  of  the  glafs  tube  1 m n,  becaufe  that 
tube  opens  into  the  receiver  through  the  pump  plate ; and  as 
the  tube  is  gradually  emptied  of  air,  the  quickfilver  in  the 
vefTel  N is  forced  up  into  the  tube  by  the  prefllire  of  the  at- 
mofphere.  And  if  the  receiver  could  be  pcrfcdlly  ex- 
haufted  of  air,  the  quickfilver  would  fland  as  high  in  the 

tube 
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tube  as  it  does  at  that  time  in  the  barometer:  font  is  fup- 
ported  by  Ihc  fame  power  or  weight  of  the  atmofphere  in 

both. 

Theriiantity  of  airexhauded  out  of  the  receiver  on  each 
turn  of  I he  handle,  is  always  proportionable  to  the  afeent  of 
the  quickfilver  on  that  turn  ^ and  the  quantity  of  air  rc.. 
maining  in  the  receiver,  is  proportionable  to  the  defedl  of 
the  height  of  the  quickfilver  in  the  gauge,  from  what  it  is 
\ at  that  time  in  the  barometer. 

I fliall  now  give  an  account  of  the  experiments  made 
with  the  air  pump;  flicwing  the  refiftance,  weight,  and 
elaflicity  of  the  air. 


Exp.  I, 
i'iS-  3* 


To  flicw  the  rcfiflance  of  the  air.  There  is  a little  ma.r 
chine,  confifting  of  two  mills,  a and  b,  which  are  of  equal 
weights,  independent  of  each  other,  and  turn  equally  free 
on  their  axles  in  the  frame.  Each  mill  has  four  thin  arms 
or  fails  fixed  into  the  axis:  thofe  of  the  mill  a have  their 
planes  at  right  angles  to  its  axis,  and  thofe  of  b have  their 
planes  parallel  to  it.  Therefore,  as  the  mill  a turns  round 
in  common  air,  it  is  but  little  refiflcd  thereby,  becaufe  its 
fails  cut  the  air  with  their  thin  edges : but  the  mill  b is  much 
lefifled,  becaufe  the  broad  fide  of  its  fails,  move  againfl:  the- 
air  when  it  turns  round.  In  each  axle  is  a fine  pin  near 
the  middle  of  the  frame,  which  goes  quite  through  the 
axle,  and  ftands  out  a little  on  each  fide  of  it:  under  thefe' 
pins,  the  Aider  a may  be  made  to  bear,  and  fo  hinder  the 
mills  from  going,  when  the  ftrong  fpring  C is  fet  on  bend 
againfl;  the  oppofite  ends  of  the  pins. 


Having 
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Having  fet  this  machine  upon  the  pump  plate  L L 
(fig.  I. ) draw  up  the  Aider  d to  the  pins  on  one  fide,  and 
fet  the  fpring  C at  bend  upon  the  oppofitc  ends  of  the  pins: 
then  pulh  down  the  filder  d,  and  the  fpring  afting  equally 
firong  upon  each  mill,  will  fet  them  both  a going  with 
equal  forces  and  velocities ; but  the  mill  a,  will  run  much 
longer  than  the  mill  b,  becaufe  the  air  makes  much  lefs 
refifiance  againfi;  the  edges  of  its  fails,  than  againfi;  the 
fides  of  the  fails  of  b. 

Draw  up  the  filder  again,  and  fet  the  fpring  upon  tlie 
pins  as  before;  then  cover  the  machine  with  the  receiver 
M upon  the  pump-plate,  and  having  exhaufted  the  receivetr 
of  air,  pufh  down  the  wire  P P (through  the  collar  of  lea- 
thers in  the  neck  g)  upon  the  filder ; which  wdll  difengage 
it  from  the  pins,  and  allow  the  mills  to  turn  round  by  the 
impulfe  of  the  fpring:  and  as  there  is  no  air  in  the  received 
to  make  any  fenfible  refifiance  againfi  them,  they  will 
both  m.ove  a confiderable  time  longer  than  they  did  in  the 
open  air;  and  the  moment  that  one  flops  the  other  will  do 
fo  too.  This  (hews  that  air  refifis  bodies  in  motion,  and 
that  equal  bodies  meet  with  different  degrees  of  refifiance, 
according  as  they  prefent  greater  or  lefs  furfaces  to  the  air,  rri 
the  planes  of  their  motions^ 

s 

Take  off  the  receiver  M,  and  the  mills;  and  having  put 
the  guinea  a and  feather  b upon  the  brafs  flap  c,  turn  up  mentil. 
'the  flap  and  fhut  it  into  the  notch  d.  Then,  putting  a w'et  ^ ^ ^ 
leather  over  the  top  of  the  tall  receiver  A B,  (it  being  open 
both  at  top  and  bottom)  covei*  it  with  the  plate  C,  from 
which  the  guinea  andfeather  tongs  e d will  then  hang  within 
the  receiver.  This  done,  pump  the  air  out  of  the  receivet; 

and 
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and  then  draw  up  the  wire  f a little,  which  by  a fquare  piece 
on  its  lower  end  will  open  the  tongs  e d;  and  the  flap  falling 
down  as  at  c,  the  guinea  and  feather  will  defcend  with 
equal  velocities  in  the  receiver ; and  both  will  fall  upon  the 
pump-plate  at  thefanacinllant. 

In  this  experiment  the  obfen'ers  ought  not  to  look  at 
the  top,  but  at  the  bottom  of  the  receiver ; in  order  to  fee 
the  guinea  and  feather  fall  upon  the  plate : otherwife,  on 
account  of  the  quicknefs  of  their  motion,  they  will  efcape 
the  fight  of  the  beholders. 

To  JIjcu)  the  JVeighi  of  the  Air. 


Erperi- 
ment  lilt 


HAVING  fitted  a brafs  cap,  with  a valve  tied  over  It, 
to  the  mouth  of  a thin  bottle  or  Florence  flalk,  whofe  con- 
tents are  exa£lly  known,  ferew  the  neck  of  this  cap  into  the 
hole  i of  the  pump.plate : then,  having  exhaufted  the  air  out 
of  the  flalk,  and  taken  it  off  the  pump,  let  it  be  fufpended  at 
one  end  of  a balance,  and  nicely  counterpoifed  by  weights 
in  the  fcale  at  the  other  end : this  done,  raife  up  the  valve 
with  a pin,  and  the  air  will  rufh  into  the  flalk  wnth  an 
audible  noife:  during  which  time,  the  flalk  will  defcend, 
and  pull  down  that  end  of  the  beam.  When  the  noife  is 
over  put  as  many  grains  into  the  fcale  at  the  other  end,  as 
will  reftore  the  equilibrium ; and  they  will  Ihew  exadly  the 
weight  of  the  quantity  of  air  that  has  got  into  the  flalk,  and 
I ec  It.  If  the  flifk  holds  an  exadb  quart,  it  will  be  found, 
that  1 6 grams  will  reftore  the  equipoife  of  the  balance, 
when  the  quickfilver  Hands  at  aqi  inchesin  the  barometer; 
whch  Ihew.,  that  when  the  air  is  at  a mean  rate  of  den- 
. , a quart  of  it  weighs  i6  grains:  it  weighs  more  when 

the 
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the  qulckfilver  ftands  higher;  and  lefs  when  it  ftands 
lower. 

Place  the  fmall  receiver  O (fig.  i)  over  the  hole  i in  the 
pump-plate,  and  upon  exhaulling  tiie  air,  the  receiver  will 
be  fixed  down  to  the  plate  by  the  prefiure  of  the  air  on  its 
outfide,  which  is  left  to  ail  alone,  without  any  air  in  the  re- 
ceiver to  a6l  againft  it : and  this  prelTure  will  be  equal  to  as 
many  times  15  pounds,  as  there  are  fquare  inches  in  that 
part  of  the  plate  which  the  receiver  covers ; which  will  hold 
down  the  receiver  fo  faft,  that  it  cannot  be  got  off,  until 
the  air  be  let  into  it  by  turning  the  cock  k : and  then  it  be- 
comes loofe. 

Set  the  little  glafs  A B (which  is  open  at  both  ends)  over 
the  hole  i upon  the  pump-plate  L L,  and  put  your  hand  ment  v. 
clofe  upon  the  top  of  it  at  B:  then,  upon  exhaufting  the  ^ 
air  out  of  the  glafs,  you  will  find  your  hand  preffed  down 
with  a great  weight  upon  it : fo  that  you  can  hardly  releafe 
it,  until  the  air  be  readmitted  into  the  glafs  by  turning  the 
cock  k;  which  air,  by  acting  as  ftrongly  upward  againftthe 
hand  as  the  external  air  adled  in  preffmg  it  downward,  will 
releafe  the  hand  from  its  confinement. 

Having  tied  a piece  of  wet  bladder  b over  the  open  top 
of  the  glafs  A (which  is  alfo  open  at  bottom)  fet  it  to  dry,  ment  vi, 
and  then  the  bladder  will  be  tight  like  a drum.  Then 
place  the  open  plate  A upon  the  pump-plate,  over  the  hole 
i,  and  begin  to  exhauft  the  air  out  of  the  glafs.  As  the  air 
is  exhaufting,  its  fpring  in  the  glafs  will  be  weakened,  and 
give  way  to  the  preffure  of  the  outward  air  on  the  bladder, 
which,  as  it  is  preffed  down,  will  put  on  a fpherical  con- 
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cave  figure,  which  will  grow  deeper  and  deeper,  until  the 
Hrength  of  the  bladder  be  overcome  by  the  weight  of  the  air; 
and  then  it  will  break  with  a report  as  loud  as  that  of  a gun. 
If  a flat  piece  of  glafs  be  laid  upon  the  top  of  this  receiver, 
and  joined  to  it  by  a flat  ring  of  wet  leather  between  them, 
upon  pumping  the  air  out  of  the  receiver,  the  preflure  of 
the  outw'ard  airs  upon  the  flat  glafs  will  break  it  all  to 
pieces. 


Expel-  Pour  fome  quickfilver  into  the  jar  D,  and  fet  it  on  the 
Pbtlviii.  pomp-plate  near  the  hole  i;  then  fet  on  the  tall  open  re- 
rig-i.  ceiver  A B,  fo  as  to  be  over  the  jar  and  hole;  and  cover 
the  receiver  with  the  brafs  plate  C.  Screw  the  open  glafs 
tube  f g,  which  has  a brafs  top  on  it  at  h,  into  the  fyringe 
H,  and  putting  the  tube  through  a hole  in  the  middle  of 
the  plate,  fo  as  to  immerfe  the  lower  end  of  the  tube  e into 
the  quickfilver  at  D,  ferew  the  end  h of  the  fyrmge  into  the 
plate.  This  done,  draw  up  the  piflon  in  the  fyringe  by  the 
ring  I,  which  will  make  a vacuum  in  the  fyringe  below  the 
pifton : and  as  the  upper  end  of  the  tube  opens  into  the 
fyringe,  the  air  will  be  dilated  in  the  tube,  becaufe  part  qf 
it,  by  its  fpring,  gets  up  into  the  fyringe;  and  the  fpring  of 
the  undilated  air  in  the  receiver  ading  upon  the  furface  qf 
the  quickfilver  in  the  jar,  will  force  part  of  it  up  into  the 
tube : for  the  quic}cfilvcr  will  follow  the  pifton  \n  the 
fyringe,  in  the  fame  way,  and  for  the  fame  reafon,  that 
water  follows  the  pifton  of  a common  pump,  when  it  is 
Taifed  m the  pump-barrel ; and  this,  according  to  fome  is 
one  by  fudfion.  But  to  refute  that  erroneous  notion,  let 
t e air  be  pumped  out  of  the  receiver  A B,  and  then  all  the 
quickfilver  in  the  tube  will  fall  down  by  its  own  weight 
tntothc  jar;  and  cannot  be  raifed  one  hair’s  breadth  jn  The 
iuPl  by  working  the  fynege;  which  fhews  that  fuaion  had 
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no  hand  in  raifing  the  quickfilver  ; and  to  prove  that  it  Is 
done  by  prclhire,  let  the  air  into  the  receiver  by  the  cock  k 
( fig.  I.)  and  its  a<Sl;ion  upon  the  furface  of  the  quickfilver  in 
the  jar  will  raife  it  up  into  the  tube,  although  thepifton  of 
^ the  fringe  continues  motionlefs.  If  the  tube  be  about  32 
or  33  inches  high  the  quickfilver  will  rife  in  it  very  near  as 
high  as  it  Hands  at  that  time  in  the  barometer.  And,  if 
the  fyringe  has  a fmall  hole,  as  m,  near  the  top  of  it,  and 
the  piflion  be  drawn  up  above  that  hole,  the  air  will  rufh 
through  the  hole  into  the  fyringe  and  tube,  and  the  quick- 
filver  will  immediately  fall  down  into  the  jar.  If  this  part 
of  the  apparatus  be  air-tight,  the  quickfilver  may  be  pumped 
up  into  the  tube  to  the  fame  height  that  it  Hands  in  the  ba- 
rometer; but  it  will  go  no  higher,  becaufe  then  the  weight 
of  the  column  in  the  tube  is  the  fame  as  the  woight  of  a 
column  of  air  of  the  fame  thicknefs  with  the  quickfilver, 

-and  reaching  from  the  earth  to  the  top  of  the  atmofphere. 

Having  placed  the  jar  A,  withfome  quickfilver  in  it,  on  the  Expiri- 
pump-plate  as  in  the  laH  experiment,  cover  it  with  the  re- 
ceiver  li,  then  puHi  the  open  end  of  the  glafs  tube  d e 
through  the  collar  of  leathers  In  the  brafs  neck  C which 
it  fits  fo  as  to  be  air-tight)  almoH  down  to  the  quick- 
filver  in  the  jar.  Then  exhauH  the  air  out  of  the  receiver, 
and  it  will  alfo  come  out  of  the  tube,  becaufe  the  tube  is 
clofe  at  top.  When  the  gauge  m m (hews  that  the  receiver 
is  well  exhauHed,  puHi  the  tube,  fo  as  to  immerfe  its  lower 
end  into  the  quickfilver  in  the  jar.  Now,  although  the 
tube  be  exhauHed  of  air,  none  of  the  quickfilver  will  rife 
into  it,  becaufe  there  is  no  air  left  in  the  receiver  to  prefs 
upon  its  furface  in  the  jar.  But  let  the  air  into  the  receiver 

the  cock  k,  and  the  quickfilver  will  immediately  rife  in 
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' the  tube ; and  ftand  as  high  in  it,  as  it  was  pumped  up 
in  the  laft  experiment. 

Both  thefe  experiments  fhew  that  the  quickfdver  Is  fup- 
ported  in  the  barometer  by  the  prcfTure  of  the  air  on  its  fur- 
face  in  the  box,  in  which  the  open  end  of  the  tube  is  placed. 
And  that  the  more  denfe  and  heavy  the  air  is,  the  higher 
the  quickfilver  rifes  ; and  on  the  contrary,  the  thinner  and 
lighter  the  air  is,  the  more  will  the  quickfilver  fall.  For 
if  the  handl^  F be  turned  ever  fo  little,  it  takes  fome  air 
out  of  the  receiver,  by  raifing  one  or  other  of  the  piflons 
in  its  barrel;  and  confequently,  that  which  remains  in  the 
quickfilver  is  fo  much  the  rarer,  and  has  fo  much  the  left 
fpring  and  weight ; and  thereupon  the  quickfilver  falls  a 
little  in  the  tube:  but  upon  turning  the  cock,  and  re-ad- 
rriitting  the  air  into  the  receiver,  it  becomes  as  weighty  as 
before,  and  the  quickfilver  rifes, again  to  the  fame  height. 
Thus  fee  the  reafon  why  the  quickfilver  in  the  baro- 
meter ^alls  before  rain  or  fnow,  and  rifes  before  fair  wea- 
ther ; for  in  the  former  cafe  the  air  is  too  thin  and  light  to 
bear  up  the  vapours,  and  in  the  latter  too  denfe  and  heavy  tQ 
let  them  fall. 

It  is  to  be  noted,  that,  in  all  mercurial  experiments 
with  the  air  pump,  a'fhort  pipe  muft  be  ferewed  into  the 
hole  i,  fo  as  to  rife  about  an  inch  above  the  plate,  to  pre- 
vent the  quickfilver  from  getting  into  the  air  pipe  and 
barrels,  in  cafe  any  of  it  fhould  be  accidentally  fpilt  over 
the  jar;  for  if  it  once  gets  into  the  pipes  or  barrels,  it 
fpoils  them,  by  loofening  the  folder,  and  corroding  the 
brafs. 


Take 
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Take  the  tube  out  of  the  receiver,  and  put  one  end  of  a Kxpfri- 
bit  of  dry  hazel  branch,  about  an  inch  long,  tight  into  the 
hole,  and  the  other  end  tight  into  a hole  quite  through  the 
bottom  of  a fmall  wooden  cup:  then,  pour  fome  quick- 
filver  into  the  cup,  and  exhauft  the  receiver  of  air,  and  the 
preflurc  of  the  outward  air,  on  the  furface  of  the  quickfilver 
will  force  it  through  the  pores  of  the  hazel,  from  w hence  it 
•will  defeend  in  a beautiful  fliow^er,  ^to  a glafs  cup  placed 
under  the  receiver  to  catch  it. 

Put  a wire  through  the  collar  of  leathers  on  the  top  of  the 
receiver,  and  fix  a bit  of  dry  wood  on  the  end  of  the  wire  X, 

• within  the  receiver;  then  exhaull  the  air,  and  pulh  the  wire 
down,  fo  as  to  immerfe  the  wood  into  a jar  of  quickfilver  on 
the  pump  plate;  this  done,  let  in  the  air,  and  upon  taking 
the  wood  out  of  the  jar,  and  fplitting  it,  its  pores  will  be 
found  full  of  quickfilver,  which  the  force  of  the  air,  upon 
being  let  into  the  quickfilver,  drove  into  the  wood. 

Join  the  two  brafs  hemifpherical  cups  A and  B together,  Experi 
with  a w'et  leather  between  them,  having  a hole  in  the  middle  yii. 
of  it;  then  ferew  the  end  D of  the  pipe  C D into  the  plate  f'S-  7* 
of  the  pump  at  i,  and  turn  the  cock  E,  fo  as  the  pipe  may 
be  open  all  the  w^ay  into  the  cavity  of  the  hemifpheres : then 
exhauft  the  air  out  of  them,  and  turn  the  cock  a quarter 
round,  which  w'ill  fhut  the  pipe  C D,  and  keep  out  the  air. 

This  done,  unferew  the  pipe  at  D from  the  pump,  and 
ferew  the  piece  F h upon  it  at  D;  and  let  two  Itrongmcn 
try  to  pull  the  hemifpheres  afundcr  by  the  rings  g and  li 
which  they  will  find  hard  to  do;  for  it  tlie  diameter  of  the 
hemifpheres  be  four  inches,  they  will  be  prelied  together  by 
the  external  air  with  a force  equal  to  190  pounds:  and  to 

Jliew  that  it  is  the  preffure  of  the  air  that  keeps  them  to- 
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gether,  hang  them  by  either  of  the  wings  upon  the  hook  P 
of  the  wire  in  the  receiver  M,  (Fig.  i)  and  upon  exhaufting 
the  air  out  ot  tjie  receiver,  they  will  fall  afunder  of  them- 
felvcs. 

Place  a fniall  receiver  O (Fig  i)  near  the  hole  i on  the 
pump  plate,  and  cover  both  it  and  the  hole  with  the  re- 
ceiver M ; and  turn  the  wire  fo  by  tlie  top  P,  that  its  hook 
may  take  hold  of  the  little  receiver  by  a ring  at  its  top,  al- 
lowing that  receiver  to  (land  with  its  own  weight  on  the 
plate.  Then,  upon  working  the  pump,  the  air  will  come 
out  of  both  receivers;  but  the  large  one  M,  will  be  forcibly^ 
held  down  to  the  pump  by  the  prelfure  of  the  external  air;'^ 
whilfi:  the  fmall  one  O,  having  no  air  to  prefs  upon  it,  will 
continue  loofe,  and  may  be  drawn  up  and  let  down  at  plea- 
ftire  by  the  wire  P P.  But,  upon  letting  it  quite  down  to  the 
plate,  and  admitting  the  air  into  the  receiver  M,  by  the  cock 
k,  the  air  will  prefs  fo  ilrongly  upon  the  fmall  receiver  O,  as 
to  fix  it  down  to  the  plate ; and,  at  the  fame  time,  by 
counterbalancing  the  outward  prelfure  on  the  large  receiver 
M,  it  will  become  loofe.  This  experiment  evidently  lliews, 
that  the  receivers  are  held  down  by  prelfure,  and  not  by 
fuiSlion,  for  the  internal  receiver  continued  loofe  while  the 
operator  was  pumping,  and  the  external  one  was  held  down ; 
but  the  former  became  fall  immediately  by  letting  in  the  air 
upon  it. 

Screw  the  end  A of  the  brafs  pipe  ABF  into  the  pumj^_ 
plate,  and  turn  the  cock  e until  the  pipe  be  open ; then  pat* 
a wet  leather  upon  the  plate  c d,  which  is  fixed  on  the  pipe» 
and  cover  it  with  the  tall  receiver  G H,  which  is  clofe  at  top : 
thfen  exhaull  the  air  out  of  the  receiver,  and  turn  the  cock  e 
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to  keep  it  out ; which  done,  unfcrew  the  pipe  from  the 
pump,  and  fet  its  end  A into  a bafon  of  water,  and  turn  the 
cock  e to  open  the  pipe  ; on  which,  as  there  is  no  air  in  the 
receiver,  the  preifure  of  the  atmofphere  on  the  water  in  the 
bafon,  will  drive  the  water  forcibly  through  the  pipe,  and 
make  it  play  up  in  a jet  to  the  top  of  the  receiver. 

Set  the  fquare  phial  A upon  the  pump  plate,  and  having  Plate  vii. 
covered  it  with  the  wire  cage  B,  put  a clofe  receiver  over  it  Experi- 
and  exhaufl  the  air  out  of  the  receiver;  in  doing  which,  ’ 

the  air  will  alfo  make  its  way  out  of  the  phial,  through  a 
finall  hole  in  its  neck  under  the  valve  b.  When  the  air 
is  exhaufled,  turn  the  cock  below  the  plate,  to  re-admit 
the  air  into  the  receiver  ; and  as  it  cannot  get  into  the  phial 
again,  becatife  of  the  valve,  the  phial  will  be  broke  into 
(ome  thoufands  of  pieces  by  the  prelTure  of  the  air  upon  it. 

I lad  the  phial  been  of  a round  form,  it  would  have  fulfained 
this  prelTure  like  an  arch,  without  breaking;  but  as  its  Tides 
arc  fiat,  it  cannot. 

To  fiicw  the  elafiicity  or  fpringofthe  air.  Tic  up  a very  Experi- 
fmall  quantity  of  air  in  a bladder,  and  put  it  under  the  rig.  n.  * 
rcceiv'er;  then  exhatifi  the  air  out  of  the  receiver:  and  the 
fmall  quantity  which  is  confined  in  the  bladder  (having  no- 
thing to  a£t  againfi  it)  will  expand  itfelf  fo  by  the  force  of  its 
fpring,  as  to  fill  the  bladder  as  full  as  it  could  be  blown  of 
common  air.  But  upon  letting  the  air  into  the  receiver 
again,  it  will  ovcrpovt'cr  the  air  in  the  blatlder,  and  prels  its 
Tides  almoll  cloic  together. 

If  the  bladder  fo  tied  up  be  put  into  a wooden  box,  and  Exp^xi- 

....  ment  A\  I. 

have  20  or  30  pounds  weight  ol  lead  put  tipon  it  in  the  liox, 
and  the  bo.s.  be  covered  v\  ith  a clofe  receiver ; upon  exuauft- 
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ing  the  air  out  of  the  receiver,  that  air  which  is  confined  in 
the  bladder  will  expand  itfelf  fo  as  to  raife  up  all  the  lead  by 
the  force  of  its  fpring. 

riateViii.  Screw  the  pipe  A B into  the  pump  plate,  place  the  tall  re- 

Exp  V7  upon  the  plate  cd,  as  in  the  13th  experiment, 

andexhaufttheairoLitofthe  receiver;  then  turn  the  cock  e 
to  keep  out  the  air,  unferew  the  pipe  from  the  pump,  and 
ferew  it  into  the  mouth  of  the  copper  veffel  CC  (Fig.  4) 
the  veffel  having  been  firft  about  half  filled  with  water. 
Then  open  the  cock  e (Fig.  3)  and  the  fpring  of  the  air  which 
is  confined  in  the  copper  veffel,  will  force  the  water  up 
through  the  pipe  A B in  a jet  into  the  exhaufled  receiver,  as 
ftrongly  as  it  did  by  its  preffure  on  the  furfacc  of.the  water 
in  a balbn  in  the  thirteenth  experiment. 

Exp,  18.  If  a fowl,  cat,  rat,  moufe,  or  bird,  be  put  under  a receiver, 
and  the  air  be  exhaufled,  the  animal  will  be  at  firft  oppreffed 
as  with  a great  weight,  then  grow  convulfed,  and  at  laft 
expire  in  all  the  agonies  of  a mofl  bitter  and  cruel  death. 
But  as  this  experiment  is  too  fliocking  to  every  fpeblator  who 
has  the  leaf!  degree  of  humanity,  we  fubftitute  a machine 
called  the  lungs-glafs  in  plaqe  of  the  animal. 

Exp.  19.  If  a butterfly  be  fufpended  in  a receiver,  by  a fine  thread 
tied  to  one  of  its  horns,  it  will  fly  about  in  the  receiver,  as 
long  as  the  receiver  continues  full  of  air ; but  if  the  air  be 
exhaufled,  though  the  animal  will  not  die,  and  will  continue 
to  flutter  its  wings,  it  cannot  remove  itfelf  from  the  place 
where  it  hangs  in  the  middle  of  the  receiver,  until  the  air  be 
let  in  again,  and  then  the  animal  will  fly  about  as  before. 
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Pour  fome  qulckfilvcr  into  the  frnall  bottle  A,  and  ferew  Fxp.  ao. 
the  brafs  collar  c of  the  tube  B C into  the  brafs  neck  b of  the  * 
bottle,  and  the  lower  end  ot  the  tube  will  l>e  imnierfcd  into 
the  quickfdver,  fo  that  the  air  above  the  quickfilver  in  the  > 
bottle  will  be  confined  there,  becaufc  it  cannot  get  about  the 
joining,  nor  can  it  be  drawn  out  through  the  quickfilver  into 
the  tube.  This  tube  is  alfo  open  at  top,  and  is  to  be  covered 
with  the  receiver  G and  large  tube  E F,  which  tube  is  fixed 
by  brafs  collars  to  the  receiver,  and  is  clofe  at  the  top. 

This  preparation  being  made,  exhauft  the  air  both  out  of . 
the  receiver  and  its  tube ; and  the  air  will  by  the  fame 
means  be  exhaufied  out  of  the  inner  tube  B C,  through  its 
open  top  at  C ; and  as  the  receiver  and  tubes  are  exhaufting, 
the  air  that  is  confined  in  the  glafs  bottle  A will  prefs  fo  by 
its  fpring  upon  the  furface  of  the  quickfilver,  as  to  force  it . 
up  in  the  inner  tube  as  high  as  it  was  raifed  in  the  tenth 
experiment  by  the  prefilire  of  the  atmofpherc:  w-hich  de- 
monftrates  that  the  fpring  of  the  air  is  equivalent  to  its  weight. 


Put  a cork  into  the  fqiiare  phial  A,  and  fix  it  in  with  Exp,  ir 
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wax  or  cement ; put  the  phial  upon  the  pump-plate  ^vith  the 


wire  cage  B over  it,  and  cover  the  cage  with  a clofe  receiver; 
then  cxhaull  the  air  out  of  the  receiver,  and  the  air  that 
v/as  corked  up  in  the  phial  wall  break  the  phial  outw’aids  by 
the  force  of  its  fpring,  becaufe  there  is  no  air  left  on  tnC 
Qutfide  of  the  phial  to  a6l  againfl  the  air  within  it. 


Put  a flirivclled  apple  under  a clofe  receiver  and  exhaufl  F.xp.:i: 
the  air ; then  the  fpring  of  the  air  within  the  apple  will 
plump  it  out,  fo  as  to  caiifc  all  the  wrinkles  to  diiappear ; 
but  upon  letting  the  air  into  the  reccivei  again,  to  picfs 
Upon  the  applp,  it  will  inflaiuly  return  to  its  louncr  dcca}c- 
and  flirivclled  (late. 
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Exp.  23. 


Exp.  24. 


Exp.  25. 


Take  a frefh  egg,  and  cut  off  a little  of  the  fhell  and 
film  from  its  fmalleft  end,  then  put  the  egg  under  a re» 
ceiver,  and  pump  out  the  air;  upon  which  all  the  contents 
of  the  egg  will  be  forced  out  into  the  receiver,  by  the  ex- 
panfion  of  a fmall  bubble  of  air  contained  in  the  great  end, 
between  the  fhell  and  film. 

Put  fome  warm  beer  into  a glafs,  and  having  fet  it  on 
the  pump,  cover  it  with  a clofe  receiver,  and  then  exhauft 
the  air.  Whilfl  this  is  doing,  and  thereby  the  prefTure  more 
and  more  taken  off  from  the  beer  in  the  glafs,  the  air  therein 
will  expand  itfelf,  and  rife  up  in  innumerable  bubbles  to 
the  furface  of  the  beer:  and  from  thence  it  will  be  taken 
away  with  the  other  air  in  the  receiver.  When  the  re- 
ceiver is  nearly  exhaufted,  the  air  in  the  beer,  whjch  could 
not  difcntangle  itfelf  quick  enough  to  get  oft  with  the  reff, 
will  now  expand  itfelf  fo,  as  to  caufe  the  beer  to  have  all 
the  appearance  of  boiling  ; and  the  greatefl:  part  of  it  will 
go  over  the  glafs. 

Put  fome  warm  water  into  a glafs,  and  put  a bit  of  dry 
wainfeot  or  other  wood  into  the  water  ; then  cover  the 
glafs  with  a clofe  receiver,  and  exhauft  the  air,  upon  which 
the  air  in  the  wood  having  liberty  to  expand  itfelf,  will 
come  out  plentifully,  and  make  all  the  water  to  bubble 
about  the  wood,  efpecially  about  the  ends  becaufe  the 
pores  lie  lengthways.  A cubic  inch  of  dry  wainfeot  has  fo 
much  air  in  it,  that  it  will  continue  bubbling  for  near  half 
an  hour  together. 
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MifccHaneous  Experiments. 

SCREW  the  fyrlnge  H ( fig.  i. ) to  a piece  of  lead  that 
weighs  one  pound  at  lead;  and,  Iiolding  the  lead  in  one 
hand,  pull  up  the  piilon  in  the  fyringc  with  the  other;  then, 
quitting  hold  of  the  lead,  the  air  will  pufh  It  upward,  and 
drive  back  the  fyringe  upon  the  pifton.  The  rcafon  of  this 
is,  that  the  drawing  up  of  the  pifton  makes  a vacuum  in  the 
fyringe,  and  the  air,  which  preiTes  every  way  equally,  hav- 
ing nothing  to  refift  its  preftlire  upward,  the  lead  is  there- 
by preiled  upward,  contrary  to  its  natural  tendency  by- 
gravity.  If  the  fyringe,  fo  loaded,  be  hung  in  a receiver, 
and  the  air  be  exhaufted,  the  fyringe  and  lead  will  defeend 
upon  the  pifton-rod  by  their  natural  gravity ; and,  upon  ad- 
mitting the  air  into  the  receiver,  they  will  be  driven  up- 
ward again,  until  the  pifton  be  at  the  very  bottom  of  the 
fvrinse. 

I.et  a large  piece  of  cork  be  fufpended  by  a thread  at  one  Exp.zy. 
end  of  a balance,  and  counterpoifed  by  a leaden  weight,  Inf- 
pended  in  the  fame  manner,  at  the  other.  Let  this  ba- 
lance be  hung  to  the  infide  of  the  top  of  a large  receiver; 
which  being  fet  on  the  pump,  and  the  air  exhaufted,  the 
cork  will  preponderate,  and  iliew  itfclf  to  be  heaviei  than 
the  lead;'  but  upon  letting  in  the  air  again,  the  equilibrium 
will  be  reftored.  T.  he  realon  of  this  is,  that  fince  the  air  is 
a fluid,  and  all  bodies  lofe  as  much  of  their  abfolute  weight 
in  it,  as  is  equal  to  the  weight  of  their  bulk  ot  the  fluid, 
the  cork  being  the  larger  body,  lofcs  more  of  its  real  weight 
than  the  lead  does;  and  therefore  mult  in  fad  be  heavier,  to 

balance  it  under  the  diladvantage  of  lofing  fome 

weight. 
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weight,  which  difadvantage  being  taken  off  by  removing 
, the  air,  the  bodies  then  gravitate  according  to  their  real 

quantities  of  matter,  and  the  cork  which  balanced  the  lead 
in  air,  fhews  itfelf  to  be  heavier  when  in  vacuo. 

E*p.  zS,  Set  a lighted  candle  upon  the  pump,  and  cover  it  with  a 
tall  receiver.  If  the  receiver  holds  a gallon,  the  candle 
will  burn  a minute ; and  then,  after  having  gradually  de- 
cayed from  the  firft  inftant,  it  will  go  out ; which  fhews 
that  a conflant  fupply  of  frefli  air  is  neceffary  to  feed  flame  ; 
and  fo  it  alfo  is  for  animal  life.  For  a bird  kept  under  a 
clofe  receiver  will  foon  die,  although  no  air  be  pumped  out ; 
and  it  is  found  that,  in  the  diving  bell,  a gallon  of  air  isfuf- 
ficient  only  for  one  nainute  for  a man  to  breathe  in. 

The  moment  when  the  candle  goes  out,  the  fmoke  will  be 
feen  to  afeend  to  the  top  of  the  receiver,  and  there  it  will 
form  a fort  of  cloud;  but,  upon  exhaufling  the  air,  the 
fmoke  will  fall  down  to  the  bottom  of  the  receiver,  and 
leave  it  as  clear  at  the  top  as  it  was  before  it  was  fet  upon 
the  pump.  This  fhews  that  fmoke  does  not  afeend  on  ac- 
count of  its  being  pofitively  light,  but  becaufe  it  is  lighter 
than  air;  and  its  falling  to  the  bottom  when  the  air  is  taken 
away,  fhews  that  it  is  not  deflitute  of  weight.  So  mofl  forts 
of  wood  afeend  or  fvvim  in  water;  and  yet  there  are  none 
who  doubt  of  the  wood’s  having  gravity  or  weight. 

Eip.zg.  Set  a receiver  which  is  open  at  top,  upon  the  air  pump, 
and  cover  it  ^\  ith  a brafs  plate,  and  wet  leather  ; and  having 
exhaufled  it  of  air,  let  the  air  in  again  at  top  through  an  iron 
pipe,  making  it  pafs  through  a charcoal  flame  at  the  end  of 
the  pipe;  and  when  the  receiver  is  full  of  that  air,  lift  up  the 
cover,  and  lef  down  a moufe  or  bird  into  the  recciv'er,  and 

the 


4 


USEFUL  KNOWLEDGE. 


the  burnt  air  willimmediately  kill  it.  If  a candle  be  let 
down  into  that  air,  it  will  go  out  diredlly ; but  by  letting  it 
down  gently,  it  will  purity  the  air  fo  tar  as  it  goes ; and  lb 
by  letting  it  down  more  and  more,  the  flame  will  drive  out 
the  bad  air,  and  good  air  will  get  in. 


Set  a bell  upon  a cutliion  on  the  pump  plate,  and  cover  it  Exp.  3 
with  a receiver;  then  fltake  the  pump  to  make  the  clapper 
flrike  againfl  the  bell,  and  the  found  will  be  very  well  heard : 
but,  exhauft  the  receiver  of  air,  and  then,  if  the  clapper  be 
made  to  tlrike  ever  fo  hard  againft  the  bell,  it  will  make  no 
found  at  all;  which  fhews  that  air  is  abfoluteiy  neceiTary  for 
the  propagation  of  found. 

Let  a candle  be  placed  on  one  fide  of  a receiver,  and  viewed  Exp-  3 
through  the  receiver  at  fome  difiance;  then,  as  foon  as  the 
air  begins  to  be  exhaufied,  the  receiver  will  be  filled  with 
vapours,  which  rife  from  the  wet  leather,  by  the  fpring  of 
the  air  in  it ; and  the  light  of  the  candle  being  refracfied 
through  that  medium  of  vapours,  will  have  the  appearance 
of  circles  of  various  colours,  of  a faint  rcfemblance  to  thofe 
of  the  rain-bow. 

The  air-pump  was  invented  by  Olho  Gucriche  of  Madge, 
hurg,  but  was  much  improved  by  Mr,  Boyle,  to  whom  we 
are  indebted  for  our  greateft  part  of  the  knowledge  of  the 
wonderful  properties  of  the  air,  demonftrated  in  the  above 
experiments. 

The  elafiic  air  which  is  contained  in  many  bodies,  and  is 
kept  in  them  by  the  weight  of  the  atmofphcre,  may  be  got 
out  of  them  either  by  boiling,  or  by  the  air  pump,  as  thewn 
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in  the  24th  experiment : but  the  fixed  air,  which  is  by  much 
the  greater  quantity,  cannot  be  got  out  but  by  diftillation, 
fermentation,  or  putrefadion. 

If  fixed  air  did  not  come  out  of  bodies  w’ith  difficulty,  and 
fpend  fome  time  in  extricating  itfelf  from  them,  it  would 
tear  them  to  pieces.  Trees  would  be  rent  by  the  change  of 
air,  from  a fixed  to  an  elaftic  ftate,  and  animals  would  be 
burll  in  pieces  by  the  explofion  of  air  in  their  food. 

Dr.  Hales  found  by  experiment,  that  the  air  in  apples  is 
fo  much  condenfed,  that  if  it  were  let  out  into  the  common 
air,  it  would  fill  a fpace  48  times  as  great  as  the  bulk  of  the 
apples  themfclves  ; fo  that  its  preffiire  outwards  was  equal 
to  117761b.  and,  in  a cubic  inch  of  oak,  to  198601b. 
againfl:  its  Tides.  So  that  if  the  air  was  let  loofe  at  once  in 
thefe  fubi'tances,  they  would  tear  every  thing  to  pieces  about 
them  with  a force  fuperior  to  that  of  gun-powder.  Hence, 
in  eating  apples,  it  is  well  that  they  part  with  the  air  by  de- 
grees, as  they  are  chewed,  and  foment  in  the  ftomach,  other- 
wife  an  apple  would  be  immediate  death  to  him  who 
eats  it. 

The  mixing  of  fome  fubftances  with  others  will  releafe  the 
air  from  them,  all  of  a fudden,  which  may  be  attended  with 
very  great  danger.  Of  this  we  have  a remarkable  infiance  in 
an  experiment  made  by  Dr.  Slare  ; who  having  put  half  a 
dram  of  oil  of  caraway-feeds  into  one  glafs,  and  a dram  of 
compound  fpirit  of  nitre  in  another,  covered  them  both  on 
the  air  pump  with  a receiver  6 inches  wide,  and  8 inches 
deep,  and  then  exhaufled  the  air,  and  continued  pumping 
until  all  that  could  poffibly  be  got  both  out  of  the  receiver 
and  out  of  the  two  fluids,  was  extricated : then,  by  a parti- 
cular 
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ciilar  contrivance  from  the  top  of  the  receiver,  he  mixed  the 
fluids  together ; upon  which  they  produced  fuch  a prodi- 
gious quantity  of  air,  as  inllantly  blew  up  the  receiver,  al- 
though it  was  prelTed  down  by  the  atmofphere  with  up- 
wards of  400  pound  weight.  Obferve  in  the  27th  expe- 
riment, the  cork  mull:  be  covered  all  over  w ith  a piece  of 
thin  wet  bladder  glued  to  it,  and  not  ufed  until  it  be  tho- 
roughly dry. 


'Jhe  Conjlriicl'ion  end  Ufe  of  the  Barometer  or  PVeather  Glafs. 

THIS  inflrument  is  ufeful  for  meafuring  the  weight  of  Fig, 
the  atmofphere,  and  in  lortelling  the  changes  of  the  weather, 
and  alfo  for  meafuring  the  height  of  mountains,  &:c. 

The  common  barometer  confifls  of  a glafs  tube  hermeti- 
cally fealed  at  one  end,  and  filled  with  quickfilver,  and  de- 
fecated and  purged  of  its  air.  The  finger  being  then  placed 
on  the  open  end,  in  immediate  contadl  with  the  mercury, 
fo  as  not  to  admit  the  leaft  particle  of  air,  the  tube  is  invert- 
ed, and  the  lower  end  plunged  into  a bafon  of  the  fame  pre- 
pared mercury.  (See  IVlifcellaneous  Articles)  then,  upOn  re- 
moving the  finger,  the  mercury  in  the  tube  will  join  that  in 
the  bafon,  and  the  mercurial  column  in  the  tube  will  fubfide 
to  the  height  of  twenty-nine  or  thirty  inches,  according  to  the 
Rate  of  the  atmofphere  at  that  time,  (See  the  fcale.)  This  Fig. 
is  the  principle  upon  which  all  barometers  are  conftrudled. 

In  the  beginning  ofihelafl  century,  philofophers  vvere 
of  opinion,  that  the  afeent  of  w^ater  in  pumps  was  owing  to 
the  abhorrence  of  a vacuum  ; and,  that  by  means  offuaion, 
fluids  might  be  raifed  to  anv  height  whatever.  But  GaUao, 
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GaVil:Eo’s 

difcovery. 


Torricel- 
lian Expe- 
riment. 


\vh©  flourirhed  about  that  time,  difeovered  that  water  would 
not  afeend  in  a pump  unlcfs  the  fucker  reached  within  thirty- 
three  feet  of  its  furface  in  the  well.  From  hence  he  con- 
cluded, that  not  the  power  of-  fudlion,  but  the  preflTurc  of 
the  atmofphere  was  the  caufc  of  the  afeent  of  water  in 
pumps:  that  a column  of  water  thirty-three  feet  high  was  a 
counterpoife  to  one  of  air  of  an  equal  bafe,  whofe  height  ex- 
tended to  the  top  of  the  atmofphere;  and  that  for  thisreafon 
the  water  would  not  fellow  the  fucker  any  farther.  From 
this  Torricelli,  GaHlao's  difciple,  took  the  hint;  and 
confidered,  that  if  a column  of  water  of  about  thirty-three  in 
height  was  equal  in  weight  to  one  of  air  having  the  fame 
bafe,  a column  of  mercury  no  longer  than  about  twenty-nine 
inches  and  a half  would  be  fo  too,  becaufe,  mercury  being 
about  fourteen  times  heavier  than  water,  a column  of  mer- 
cury mull  be  fourteen  times  fliorter  than  one  of  water  equally 
heavy.  Accordingly,  having  filled  a glafs  tube  with  mer- 
cury, and  inverted  it  into  a bafon  of  the  fame,  he  found  the 
mercury  in  the  tube  to  defeend  till  it  Hood  about  twenty- 
nine  inches  and  a half  above  the  furface  of  that  in  the 
bafon. 


It  was,  however,  fome  time  after  the  Torricellian  ex- 
periment had  been  made,  and  even  after  it  had  been  univer- 
fally  agreed  that  the  fufpenfion  of  the  mercury  was  owing  to 
the  weight  of  the  atmofphere,  before  it  was  difeovered  that 
this  prefl'urc  of  the  air  was  different  at  different  times, 
though  the  tube  was  kept  in  the  fame  place.  But  the  va- 
riations of  altitude  in  the  mercurial  columns  were  too  obvious 
to  remain  long  unobferved:  and  accordingly  philofophers 
foon  became  careful  enough  to  mark  them.  When  this 
was  done;  it  was  impolfible  to  avoid  obferving  alfo,  that 
the  changes  in  the  height  of  the  mercury  were  accom- 
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panied,  or  very  quickly  ruccecded,  by  changes  in  the  wea- 
ther. Hence,  the  indrument  obtained  the  name  of  the  wea- 
ther-glafs,  and  was  generally  made  life  of  with  a view  to 
the  foreknowledge  of  the  W’cather.  In  this  charadlcr,  its 
principal  phenomena  are  as  follow  : 

I.  The  rifing  of  the  mercury  prefTages,  in  general,  fair 
weather  ; and  its  falling,  foul  weather,  as  rain,  fnow,  high  fy'u™'"®' 
winds,  and  dorms.  2.  In  very  hot  weather,  the  falling  of 
the  mercury  forefhews  thunder.  3.  In  winter,  the  rifing 
predages  frud;  and  in  frody  weather,  if  the  mercury  falls 
three  or  four  divifions,  there  will  certainly  follow  a thaw. 

But  in  a continued  frod,  if  the  mercury  rifes,  it  will  cer- 
tainly fnow.  4.  When  foul  weather  happens  foon  after 
the  falling  of  the  mercury,  expe£t  but  little  of  it;  and,  on 
the  contrary,  expe£l  but  little  fair  weather  when  it  proves 
fair  fhortly  after  the  mercury  has  rifen.  5.  In  foul  wea- 
ther, when  the  mercury  rifes  much  and  high,  and  fo  con- 
tinues for  two  or  three  days  before  the  foul  weather  is 
quite  over,  then  expedl  a continuance  of  fair  weather  to 
follow.  6.  In  fair  weather,  when  the  mercury  falls  much 
and  low,  and  thus  continues  for  two  or  three  days  before 
the  rain  comes;  then  expefl  a great  deal  of  w'et,  and  pro- 
bably high  winds.  7.  The  unfettled  motion  of  the  mercury 
denotes  uncertain  and  changeable  weather.  8.  \ ou  are  not  Note 
fo’driaiy  to  obferve  the  words  engraved  on  the  plates 
(though  in  general  it  will  agree  with  them)  as  the  mercury  s 
rifing  and  falling.  For  if  it  dands  at  much  rain,  and  then 
rifes  up  to  changeable,  it  prefages  fair  weather;  thougi 
not  to  continue  fo  long  as  if  the  mercury  had  rden  higher  : 
and  fo,  on  the  contrary,  if  the  mercury  dood  at  fair,  amt 
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falls  to  changeable,  it  preflages  foul  weather ; though  not 
fq  much  of  it  as  if  it  had  funk  lower. 

From  thefe  obfervations  it  appears,  that  it  is  not  fo  much 
the  height  of  the  mercury  in  the  tube,  that  indicates  the 
weather  as  the  motion  of  it  up  and  down  : wherefore,  in 
order  to  pafs  a right  judgment  of  what  weather  is  to  be  ex- 
pelled, we  ought  to  know  whether  the  mercury  is  adlually 
rifing  or  falling ; to  which  end  the  following  rules  are  of 
ufe. 

r.  If  the  furface  of  the  mercury  is  convex,  (landing 
higher  in  the  middle  of  the  tube  than  at  the  Tides,  it  is  ge- 
nerally a fign  that  the  mercury  is  then  rifing.  2.  If  the 
furface  is  concave,  it  is  then  finking;  and,  3.  If  it  is  plain, 
the  mercury  is  (lationary,  or  rather,  if  it  is  a little  convex ; 
for  mercury  being  put  into  a glafs  tube,  efpecially  a fmall 
one,  will  naturally  have  its  furface  a little  convex,  bccaufe 
the  particles  of  merciiry  attra£l  one  another  more  forcibly 
than  they  are  attrafted  by  glafs.  4.  If  the  glafs  is  fmall, 
(hake  the  tube;  and  if  the  air  is  grown  heavier,  the  mer- 
cury will  rife  about  half  the  tenth  of  an  inch  higher  than  it. 
flood  before : if  it  is  grown  lighter  it  will  fink  as  much. 
This  proceeds  from  the  mercury’s  (licking  to  the  Tides  of 
the  tube,  which  prevents  the  free  motion  of  it  till  it  is  dif- 
engaged  by  the  (hock  : and  therefore,  when  an  obfervation 
is  to  be  made  by  fuch  a tube,  it  ought  always  to  be  (haken 
firfl ; for  fometimes  the  mercury  will  not  vary  of  its  own 
accord,  till  the  weather  it  ought  to  have  indicated  is  pre- 
fent. 

Here  we  muft  obferve,  that  the  above-mentioned  pheno- 
mena are  peculiar  to  places  lying  at  a confiderable  diftance 
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from  the  equator  ; for  in  the  torrid  zone,  the  mercury  in  the 
barometer,  feldom  either  rifes  or  falls  much.  In  Jamaica, 
it  is  obferved  by  Sir  JViUicm  Beejion,  tliat  the  mercury  in  tlie 
morning,  conllantly  (tood  at  one  degree  below  changeable, 
and  at  noon,  funk  to  one  degree  above  rain ; fo  that  the 
whole  fcale  of  variation  there  was  only  three  tenths  of  an 
inch.  At  St.  Helena,  too,  where  Dr.  Halley  made  his  ob-  . 
fervations,  he  found  the  mercury  to  remain  moftly  flationary 
whatever  weather  happened.  Of  thefe  phenomena,  their 
caufes,  and  w-hy  the  barometer  indicates  an  approaching 
change  of  weather,  the  Do6tor  gives  us  the  following 
account : 

I.  In  calm  weather,  when  the  air  is  inclined  to  rain,  the 
mercury  is  commonly  low.  2.  In  ferene,  good,  and  fettled 

^ ^ and  obler- 

weather,  the  mercury  is  generally  high.  3.  Upon  very  ^'ations. 
great  winds,  though  they  be  not  accompanied  with  rain, 

^he  mercury  fmks  lowefl  of  all,  with  relation  to  the  point 
of  the  compafs  the  wind  blows  upon.  4.  T.  he  greateft 
heights  of  the  mercury  are  found  upon  eaflcrly  or  north- 
eafterly  winds.  5.  In  calm  frofty  weather  the  mercury 
generally  hands  high.  6.  After  yery  great  florms  of  wind, 
when  the  mercury  has  been  very  low,  it  generally  rifes 
again  very  fafl.  y.  The  more  northerly  places  have  greater 
alterations  of  the  barometer  than  the  more  fouthcrly.  8. 

W ithin  the  tropics,  and  near  them,  thofc  accounts  wc  have 
had  from  others,  and  the  obfervations  made  at  St.  Helena, 
make  very  little  or  no  variation  of  the  height  of  the  mei- 
cury  in  all  weathers. 

Hence,  I conceive,  that  the  principal  caufc  of  the  rife 

and  fall  of  the  mercury  is  Irom  the  variable  winds  which  aic 
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found  in  the  temperate  zone,  and  whofe  great  inconflancy, 
here  in  England,  is  notorious. 

Afecond  caufe  is,  the  uncertain  exhalation  and  precipita- 
tion of  the  vapours  lodging  in  the  air,  whereby  it  comes  to  be 
at  one  time  much  more  crowded  than  at  another,  and  con- 
fequently  heavier;  but  this  latter  depends  in  a great  meafure 
upon  the  former.  Now,  from  thefe  principles,  I fhall  en- 
deavour to  explicate  the  feveral  phenomena  of  the  barome- 
ter, taking  them  in  the  fame  order  I have  laid  them  down. 
Thus. 

I.  The  mercury’s  being  low  Inclines  it  to  rain,  becaufe 
the  air  being  light,  the  vapours  arc  no  longer  fupported 
thereby,  being  become  fpecifically  heavier  than  the  medium 
wherein  they  floated ; fo  that  they  defeend  towards  the  earth, 
and,  in  their  fall,  meeting  with  other  aqueous  particles, 
they  Incorporate  together,  and  form  little  drops  of  rain : but 
the  mercury’s  being  at  one  time  lower  than  another,  is  the 
efFe£l  of  two  contrary  winds  blowing  from  the  place  where 
the  barometer  ftands;  whereby  the  air  of  that  place  is  car- 
ried both  ways  from  it  and  confequently  the  incumbent 
cylinder  of  air  is  diminifhed,  and  accordingly  the  mercury 
finks:  as,  for  inflance,  if  in  the  German  ocean  it  fhould 
blow  a gale  of  wefferly  wind,  and,  at  the  fame  time,  an 
eafterly  wind  in  the  Irifh  feaV'or,  if  in  France  it  Ihould 
blow  a northerly  wind,  and  in  Scotland  a foutherly ; it  mull 
be  granted,  that  that  part  of  the  atmofphere  impendant  over 
England  would  thereby  be  exhaufled  and  attenuated,  and  the 
mercury  would  fubfide,  and  the  vapours  which  before 
floated  in  thefe  parts  of  the  air  of  equal  gravity  with  them- 
felves  would  fink  to  the  earth. 


2.  The 
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2.  The  greater  height  of  the  barometer  is  occafiored  by 
two  contrary  winds  blowing  towards  the  place  of  obfcrva- 
tion,  \\  hereby  the  air  of  other  places  is  brought  thither  and 
accumulated;  fo  that  the  incumbent  cylinder  of  air  being 
increafed  both  in  height  and  weight,  the  mercury  preffed 
thereby  mult  needs  Hand  high,  as  long  as  the  winds  continue 
foto  blow  ; and  then  -the  air  being  Ipecifically  heavier,  the 
vapours  are  better  kept  fufpended,  fo  that  they  have  no  in- 
clination to  precipitate,  and  fall  down  in  drops,  which  is 
the  reafon  of  the  ferene  good  weather  which  attends  the 
greater  heights  of  the  mercury. 

3.  The  mercury  finks  the  lowed  of  all  by  the  very  rapid 
motion  of  the  air  in  Itorms  of  winds.  For  the  trail  or 
region  of  the  earth’s  furface,  wherein  the  winds  rage,  not 
extending  all  round  the  globe;  that  llagnant  air  which  is 
left  behind,  as  likewife  that  on  the  fides,  cannot  come  in 
fo  fad  as  to  fupply  the  evacuation  made  by  fo  fwift  a cur- 
rent; fo  that  the  air  mud  necelfarily  be  attenuated,  when 
and  where  the  faid  winds  continue  to  blow;  and  th,at  more 
or  lefs  according  to  their  violence;  add  to  which  that  the 
horizontal  motion  ot  the  air  being  fo  quick,  may  in  all  pro- 
bability take  off  fome  part  of  the  perpendicular  prclliire 
thereof;  and  the  great  agitation  of  its  particles  is  the  reafon 
why  the  vapours  are  diffipated,  and  do  not  condenfe  into 
drops  fo  as  to  form  rain,  oiherwife  the  natural  confequence 
of  the  air’s  rarefa6tion. 

4.  Tlie  mercury  dands  highed  upon  the  eaderly  and 
north-eaderly  wind ; becaufc  in  the  great  Atlantic  ocean, 
on  this  lide  the  thirty-fifth  degree  of  nortli  latitude,  the 
winds  are  almolt  always  wcllcrly  or  fouth-wederly  ; fo  that 
whenever  here  the  wind  comes  up  at  call  and  north-ead,  it 
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is  fure  to  be  checked  by  a contrary  gale  as  foon  as  ii  reaches 
the  ocean  ; wherefore,  according  to  our  fecond  remark,  the 
air  mufl:  needs  be  heaped  over  this  ifland,  and  confequently, 
the  mercury  mud  ftand  high,  as  often  as  thefe  winds  blow. 
This  holds  true  in  this  country:  but  is  not  a general  rule 
for  others,  where  the  winds  are  under  different  circum- 
ftanccs:  and  I have  fometimes  feen  the  mercury  here  folow 
r.s  twenty-nine  inches  upon  an  eafterly  wind ; but  then  It 
blew  exceeding  liard,  and  fo  comes  to  be  accounted  for  by 
what  was  obferved  in  the  third  remark. 

5.  In  calm  frody  weather  the  mercury  generally  dands 
high  \ bccaufc  (as  I conceive)  it  feldom  freezes,  but  when 
the  winds  come  out  of  the  northern  and  north-eadern  quar- 
ters: or  at  lead,  Unlefs  thofe  winds  blow  at  no  great 
didance  off.  For  the  north  parts  of  Germany,  Denmark, 
Sweden,  Norway  and  all  that  tta£l,  from  whence  north- 
cadern  tvinds  come,  are  fubjeft  toalmod  continual  frod  all 
the  winter:  and  thereby  the  lower  air  is  very  much  con- 
denfed,  and  In  that  date  is  brought  hitherward  by  thofe 
winds,  and,  being  accumulated  by  the  oppofition  of  the 
wederly  wind  blowing  in  the  ocean,  tlie  mercury  mud 
needs  be  prelTed  to  a more  than  ordinary  height ; and  as  a 
concurring  caufe,  the  flirinking  of  the  lower  parts  of  the  air 
into  leder  room  by  cold,  mud  needs  caufe  a defeent  of  the 
upper  parts  of  the  atmofphere,  to  reduce  the  cavity  made  • 
by  this  contrailion  to  an  equilibrium. 

6.  After  great  dorms,  when  the  mercury  has  been  very 
low,  it  generally  rifes  again  very  fad  : I once  obferved  it  to 
rife  one  inch  and  an  half  in  lefs  than  fix  hours,  after  a long 
continued  dorm  of  foulh-wed  wind.  The  reafon  is,  be- 
caufe  the  air  being  very  much  rarefied  by  the  great  evacua-  ij 
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tions  whicli  fuch  continued  florins  make  thereof,  the 
neighbouring  air  runs  in  the  more  Iwifty  to  bring  it  to  an 
equilibrium  ; as  we  fee  water  runs  tlie  fader  for  having  a 
greater  declivity. 

. 7.  The  variations  are  greater  in  the  more  northerly 
places,  as  at  Stockholm  greater  than  at  Paris  (compared  by 
AI.  Pajchall)  bccaufe  the  more  northerly  parts  have  ufually 
greater  dorms  of  wind  than  the  more  foutherly,  whereby 
the  mercury  diould  fink  lower  in  that  extreme ; and  then 
the  northerly  winds  bringing  in  the  more  denfe  and  ponde- 
rous air  from  the  neighbourhood  of  the  pole,  and  that 
again  being  checked  by  a foutherly  wind  at  no  great  dif- 
tance,  and  fo  heaped,  mud  of  necellity  make  the  mercury 
in  fuch  cafe  dand  higher  in  the  other  extreme. 

8.  Ladly,  this  remark,  that  there  is  little  or  no  variation 
near  the  equinoclial,  does,  above  all  others,  confirm  thehy- 
pothefis  of  the  variable  winds  being  the  caufe  of  thefe  va- 
riations of  the  height  of  the  mercury ; for  in  the  places 
above-named,  there  is  always  an  cafy  gale  of  wind  blowing 
nearly  upon  the  fame  point,  viz.  E.  N.  E.  at  Barbadoes,  and 
E.  S.  E.  at  St.  Helena,  fo  that  their  being  no  contrary  cur- 
rents of  air  to  exhaud  or  accumulate  it,  the  atmofphere 
continues  much  in  the  fame  date : however,  upon  hurri- 
canes, the  mod  violent  of  dorms,  the  mercury  has  been 
obferved  very  low ; but  this  is  but  once  in  two  or  three 
years,  and  it  foon  recovers , its  fettled  date,  about  29I 
inches, 
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To  fll  the  Barometer  Tube. 

I N order  to  fill  a barometer  tube  to  the  greateft  per- 
fedion,  it  will  be  ncceflary  to  obferve  the  following  rules, 
j . That  the  tube  be  at  leaft  one  fourth  of  an  inch  bore  ; 
but  one  third  of  an  inch  is  better.  2.  That  the  tube  ought 
to  be  new<  and  clean  within  when  filled.  In  order  to  this, 
the  tube  Ihould  be  hermetically  fealed  at  both  ends,  at  the 
glafs-houfe  when  made  ; one  end  of  which  may  be  cut  off 
with  a file  when  you  ufc  it.  3.  The  diameter  of  the  ciftern 
that  holds  the  mercury,  in  which  the  tube  is  immerfed, 
fhould  be  as  large  as  conveniently  may  be,  that  the  mercury 
therein  may  have  nearly  at  all  times  the  fame  altitude ; 
otherways  the  index  will  not  be  true.  4.  The  mercury 
mull  be  pure,  and  free  from  any  mixture  oi  tin,  lead,  or 
other  metal.  5.  It  ought  to  be  purged  from  air  entirely, 
as  it  may  be  by  boiling  it,  and  filling  the  tube  with  it,  while 
boiling  hot,  nearly.  6.  The  tube  muft  be  heated  hot  when 
filled,  to  avoid  breaking  by  the  boiling  mercury,  y.  It 
fhould  be  rubbed  very  hard,  to  excite  the  eledric  virtue, 
which  will  expel  the  particles  of  air  from  the  furfacc 
within. 

Then  take  the  tube,  fig.  7.  and  nearly  fill  the  ball  with 
mercury,  after  which,  place  the  thumb  of  your  right  hand 
upon  the  end  A,  and  the  fore-finger  of  your  left  upon  the 
end  B,  holding  it  downwards,  and  fhaking  it  endways,  the 
mercury  will  run  into  the  tube  until  it  be  quite  filled ; you 
may  then  turn  it  as  in  the  figure,  and  the  mercury  will  fink 
in  the  tube  to  B,  which  will  be  2g|-  inches  from  the  furface 
of  the  mercury  in  the  ball  at  A,  if  the  preffure  of  the  at- 
mofphere  at  that  time  be  at  changeable,  as  at  fig.  6. 

N.  B.  If 
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N.  B.  If  any  air  bubbles  fiiould  happen  to  be  left  in  tlic 
tube  after  it  is  filled,  you  muff  invert  it,  and  place  your 
thumb  and  fore-finger  as  before,  and  gently  knock  the  end 
B with  your  finger  underneath  it,  upon  a table,  while  all 
the  air  bubbles  have  rifen  into  the  ball,  then  it  is  perfed  ; 
but  this  operation  is  never  necefiary  but  when  the  bore  of 
the  tube  is  too  fmall. 


T7:e  Diagonal  Barometer. 

ABC,  fig.  8,  is  a tube  fealcd  at  C,  immerfed  in  mer-  Fig.  2, 
cury  at  A ; this  tube  is  perpendicular  from  A to  B,  where 
the  fcale  of  variation  begins ; from  thence  it  is  bent  into 
C B.  This  part  B C proceeds  to  the  highefl  limit  in  the 
fcale  of  variation,  viz.  I C ; and  confequently  while  the 
mercury  rifes  from  C to  I in  the  common  barometer,  it 
will  move  in  this  from  B to  C,  and  fo  the  fcale  will  by  this 
means  be  enlarged  in  the  proportion  of  B C to  I C. 

Howe\'er,  tliis  form  being  fubjccSl  to  a great  degree  of 
fri£lion,  on  account  of  the  obliquity  in  the  part  B C,  which 
inclination,  making  the  quickfilver  frequently  divide  into 
feveral  parts,  requires  the  trouble  of  filling  the  tubes  anew 
too  often. 


Tie  Horizontal  Rectangular  Barometer. 

CONSISTS  of  a tube  A CDF,  fig.  9,  fealcd  on  the  9. 
upper  end  A,  and  bent  to  a right-angle  at  D,  whence  it  has 
the  name  of  the  horizonial  rcdlangular  barometer.  The 
mercury'  Hands  in  botl)  Icg.s  from  E to  C.  T he  fcale  of 
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variation  from  D to  P,  is  here  made  of  a larger  part,  and 
then  it  is  evident  in  moving  three  inches  from  A to  C,  it 
will  move  through  fo  many  times  three  inches  in  the  fmall 
leg  D F,  as  the  bore  of  D F is  lefs  than  the  bore  of  A C, 
whence  the  motion  of  the  mercury  at  E muft  be  extremely 
fenfible.  This  form  is  liable  to  the  like  exceptions  as  re- 
marked in  that  of  fig.  8,  and  befides  a great  degree  of 
friclion  ; and  the  frequent  breaking  off  of  the  mercury  in 
the  leg  E,  the  part  D F being  a very  fmall  bore,  the  free 
motion  of  the  mercury  therein  mull  be  impeded  by  the  at- 
traflion  of  cohefion. 


TT-f?  J'Fheel  Barometer. 

Fig.  lo.  A,  fig.  lo,  reprefents  the  quickfilver  in  a glafs  tube, 
having  a large  round  head  or  ball,  and  turned  up  at  bottom 
B,  upon  the  furface  of  the  mercury  in  the  recurved  leg, 
there  is  then  placed  a fliort  glafs  tube  loaded  with  mercury, 
with  a firing  going  over  a pulley,  and  is  balanced  by  ano- 
ther weight  hanging  freely  in  the  air.  As  the  furface  at  A 
is  very  large,  and  that  at  B very  fmall,  the  motion  of  the 
quickfilver,  and  confequently  of  the  ball  A,  will  at  bottom 
be  very  confiderable ; but  as  the  weight  moves  up  and 
down,  it  turns  the  pulley,  and  that  a hand  or  index,  by 
the  divifions  of  a large  graduated  circle,  the  minutefl  va- 
riations of  the  air  are  plainly  Ihewn,  if  the  inflrument  be 
accurately  made,  and  the  friilion  of  the  feveral  parts  be  in- 
confidcrable. 

For  refining  mercur3q  &c.  fit  for  the  above  ufe,  fee  the 
Mifcellaneous  Articles. 

The 
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Tl:e  Air  Gun. 


THIS  pncumatical  inftrument  Is  an  ingenious  contri- 
vance, which  will  drive  a bullet  with  great  violence,  by- 
means  ofcondenfed  air,  forced  into  an  iron  ball,  by  a con- 
dcnfor,  (reprefented  Fig.  ii.)  At  the  end  a of  this  inftru-  Fig.  ii. 
ment,  is  a male  fcrew,  on  which,  the  hollow  ball  b is 
fcrewcd  In  order  to  be  filled  with  condenfed  air.  In  the  in- 
fide  of  this  ball  is  a valve  to  hinder  the  air  after  it  is  in- 
jedled  from  making  its  efcape,  until  it  be  forced  open  by  a 
pin,  againft  which  the  hammer  of  the  lock  finkes ; (as  at  a 
Fig  12)  which  then  lets  out  as  much  air  as  will  drive  a ball 
with  confiderable  force  to  a great  difiance. 

When  you  condenfe  the  air  in  the  ball ; place  your  feet 
on  the  iron  crofs  h h to  -w'hich  the  pifton  rod  d e is  fixed ; 
then  lift  up  the  barrel  c a by  the  handles  i i until  the 
pifion  at  e be  brought  between  o and  c ; the  barrel  a 
c will  then  be  filled  with  air  through  the  hole  o from  o to  a. 

Then  tiirufi  down  the  barrel  a c by  the  handles  ii  until  the 
pifion  e join  with  the  neck  of  the  iron  ball  at  a ; 
the  air  being  thus  condenfed  between  o and  a will  force 
open  the  valve  in  the  ball,  and  when  the  handles  i i are 
lifted  up  again,  the  valve  will  clofe  and  keep  in  the  air:  fo 
by  rapidly  continuing  the  firokes  up  and  down,  the  ball  will 
prefently  be  filled  ; after  which  unferew  the  ball  off  the  con- 
denfer,  and  fcrew  it  upon  another  male  fcrew  which  is  con- 
nccled  with  the  barrel  and  goes  through  the  flock  of  the 
gun  as  reprefented  at  b Fig.  12.  I have  frequently  injcdlcd 
I2dwts.  of  air  into  a ball  3^  inches  diameter,  with 
which  I difeharged  15  bullets  with  confiderable  force. 


There 
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There  are  many  contrivancs  in  conflru£ling  air  guns ; 
Tome  have  a fmall  barrel  contained  within  a large  one,  and 
the  fpace  between  the  two  barrels  ferves  for  the  reception  of 
condenfed  air.  In  thefe  fort  a valve  is  fixed  at  a Fis:.  I2, 

O ' 

with  a condenfor  fixed  to  the  barrel  at  a and  continued 
through  the  butt  end  to  c,  as  a c Fig.  1 1,  where  the  pifion 
rod  may  be  always  left  in  ; and  when  ufed  an  iron  pin  one 
foot  long,  may  be  put  through  the  hole  d.  Place  your  feet 
on  the  pin,  and  the  whole  gun  ferves  infiead  of  the  hahdlcs 
i i Fig.  II.  tocondenfe  the  air  in  the  barrel. 

The  magazine  air  gun  differs  from  the  common  one, 
only  by  having  a ferpentine  barrel  which  contains  lO  or  I2 
balls;  thefe  are  brought  into  the  fhooting  barrel  fuccefiively, 
by  means  of  a lever,  and  they  may  be  difeharged  fo  fafl 
as  to  be  nearly  of  the  fame  ufe  wnth  fo  many  different 
guns. 


HYDRAU- 


HYDRAULICS, 

AND 

HYDROSTATICS. 


DEFINITIONS. 

I • T T YDRAULICS  is  the  fcicnce  of  fluids,  particularly 
of  water,  with  a fpecial  attention  to  artificial  water- 
works ; and  to  the  laws  and  motion  of  fluid  bodies. 

HYDROSTATICS  explain  the  equilibrium  of  fluids, 
or  the  gravitation  of  fluids  at  reff ; and  upon  removing  that 
equilibrium,  motion  enfues:  and  here  Hydraulics  com- 
mence. 

Hydraulics  therefore,  fuppofcs  Hydrojlatics,  which  In- 
duces me  to  begin  this  treatife  with  Hydroftatics. 

2.  A Syphon  is  a bended  tube,  as  reprefented  Plate  IX. 

Fjg-  4. 

3.  A valve  is  a fort  of  flap  or  cover,  fixed  to  a pipe  or 
other  body,  which  by  opening  one  way  only,  fuffers  the 
water  to  pafs,  but  not  to  return. 

4<  A 
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Note. 


4.  A Pijion  is  a fmall  cylinder  faftened  to  the  end  of  a 
rod,  and  fitted  to  the  bore  of  a pipe  or  hollow  cylinder,  and 
frequently  contains  a valve. 

5.  The  Hydrometer  is  an  infirument  confiriifled  to  find 
the  fpecific  gravities  of  fluids,  as  Fig.  2. 

6.  The  Hydrojlatlc  balance  is  contrived  to  (hew  the  fpe- 
cifiegravities  of  fluids,  and  of  folids,  by  weighing  them  in 
fluids. 


APHORISMS. 

1.  WATER  is  a fcentlefs,  tranfparent,  colourlcfs  fluid, 
with  which  a certain  degree  of  cold  turns  to  ice. 

Though  fludity  is  commonly  regarded  as  an  eflential 
propel  ty  of  water,  yet  many  philofophers,  particularly 
Boyle  and  Boerhaale,  confider  it  as  an  adventitious  circum- 
flance,  produced  by  a certain  degree  of  lieat,  and  alTert 
its  n.atural  ftate  to  be  that  of  a chryltalline,  as  when  in  ice. 

2.  Water  is  one  of  the  confiftent  parts  of  all  bodies: 
tliis  is  proved  by  diftillation,  for  the  dryeft^woods,  earths, 
bones,  and  flones  pulverifed,  conftantly  yield  a certain  quan- 
tity oT  water. 

3.  All  fluids  except  air  are  incomprefliblc. 

4.  Though  water  is  lefs  tranfparent  than  air,  it  is  more 
penetrative,  as  it  will  pervade  bodies  that  air  will  not : this 
is  evident  from  its  palling  through  the  pores  of  a bladder. 

5.  Water 
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5 . Water  dilTolvcs  fome  bodies,  as  falts,  and  congluti- 
hates  others,  as  bricks,  ftones,  bones,  &c. 

6.  Water  in  its  natural  Rate  contains  the  three  other  ele- 
ments, fire,  earth,  and  air. 

We  have  already  faid  that  water  owes  its  fluidity  to  heat, 
and  it  is  evident  from  many  experiments  with  the  air  pump,  - 
that  it  contains  no  fmall  quantity  of  air;  and  the  fediment 
that  is  found  in  all  water,  except  that  which  is  diftilled,  al- 
ways contains  a quantity  of  earth.  From  the  lafl  element  it  ■ 
is.fiippofed  that  plants  derive  all  the  nourifliment  they  re- 
ceive by  means  of  water. 

* 

7.  The  water,  in  feveral  tubes  that  comrhunicate  with 
each  other,  will  Rand  at  the  fame  height  in  all  of  them, 
whether  they  be  fmall  or  great,  perpendicular  or  oblique. 

8.  The  furface  of  water  contained  in  a vefTel  will  always 
be  even,  and  parallel  to  the  horizon : but  in  large  bodies  of 
water,  as  the  fea,  or  great  lakes,  the  furface  will  not  be 
plain,  but  fpherical,  as  making  a part  of  the  terraqueous 
globe. 

9.  In  a veRel  of  water  the  preflure  of  the  upper  parts  on 
the  lower,  is  in  proportion  to  the  depth  ; and  is  the  fame  at 
the  fame  depth,  whatever  be  the  diameter  of  the  vefiel. 

10.  The  prefiure  of  a fluid  upward  is  equal  to  its  preflure 
downward,  at  any  given  depth. 

1 1.  The  bottom  and  Tides  of  a veflTel  are  prefled  by  the 
fluid  it  contains,  in  proportion  to  its  height,  without  any 
regard  to  the  quantity. 


U 
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12.  If  fluids  of  different  gravities  be  contained  in  the 
fame  vefTel,  the  heavieft  will  be  at  bottom,  the  lightefi;  at 
top,  and  the  reft  in  proportion  to  their  fpecific  gravities. 

13.  A body  that  is  heavier  than  an  equal  quantity  of  a 
fluid,  will  fink  in  that  fluid  ; if  it  be  lighter,  it  will  fvvim  at 
the  top ; but  if  it  be  of  the  fame  gravity,  it  will  neither  fink 
nor  fwim,  but  remain  fufpended  in  any  part  of  that  fluid. 

14.  A folid  immerfed  in  a fluid  is  preffed  by  that  fluid 
on  all  fides,  in  proportion  to  the  height  of  the  fluid  above 
the  folid.  Bodies  very  deeply  immerged  may  be  confidcred 
as  equally  preffed  on  all  fides. 

15.  Every  folid  immerfed  in  a fluid,  lofes  fomuch  of  its 
weight,  as  is  equal  to  the  weight  of  a quantity  of  that  fluid 
of  the  fame  dimenfion  with  the  folid. 

16  The  fluid  acquires  the  weight  the  folid  lofes. 


Of  Fluidity. 

Sir  Ifaac  Newton’s  definition  of  a fluid  is,  That  it  is  a 
hedy  yielding  to  any  force  imprefjed,  and  ivhich  has  its  parts  very 
caftly  moved  one  among  another. 

It  muft  here  be  remarked,  that  this  definition  fiippofes 
the  motion  fpoken  of,  produced  by  a partial  preffure ; for  in 
the  cafe  of  an  incompreftible  fluid,,  it  is  demonftrated  by  Dr. 
Keil,  that  under  a total  or  an  equal  preffure,  it  would  be  im- 
poftible  the  yielding  body  fliould  move. 


The 
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The  original  and  conftituent  parts  of  fluids  are  by  the 
moderns  conceived  to  be,  particles  linall,  fmooth,  hard,  and 
fpherical ; according  to  which  opinion,  every  particle  is  of 
itfclf  a folid,  or  a fixed  body  ; and  when  confldered  fingly, 
is  no  fluid,  but  becomes  fo  only  by  being  joined  with  other 
particles  of  the  fame  kind. 

’Tis  probable  that  the  particles  of  fluids  are  exceeding 
fmall,  becaul'e  their  texture  has  never  yet  been  difeovered 
by  the  finefl:  microfeope  ; we  judge  them  to  be  fmooth,  be- 
caufe  they  are  found  eafily  to  glide  one  over  another ; hard 
and  impenetrable,  becaufe  no  fluid  we  are  acquainted  wdth/ 
the  air  excepted,  is  capable  of  comprelTion : wc  conceive 
them  to  be  fpherical,  that  they  may  only  touch  in  fome 
points  of  their  furfaces  ; and  fo  not  only  may  be  the  more 
eafily  moved,  but  alfo  form  interftices  or  vacancies  between 
them,  which  may  be  proved. 

Were  fluids  not  compounded  of  primary  particles,  formed 
as  above,  but  made  up  of  one  homogeneous  fubftance,  with- 
out confiflence  equally  denfe ; there  would  be  no  diffe- 
rence in  their  fpecific  gravity,  and  all  fluids  would  be  of  the 
fame  weight,  bulk  for  bulk,  which  is  contrary  to  experi- 
ence. 

That  fluids  have  vacuities,  will  appear  upon  mixing  fait 
with  water,  a certain  quantity  whereof  W'ill  be  diflblvcd,  and 
thereby  imbibed,  without  enlarging  the  dimenfions.  A 
fluid’s  becoming  more  buoyant,  is  a certain  proof  that  its 
fpecific  gravity  is  increafed,  and  of  confequence,  that  many 
of  its  vacuities  are  thereby  filled ; after  which  it  may  flill 
receive  a certain  quantity  of  other  diflbluble  bodies,  the 
particles  whereof  are  adapted  to  the  vacancies  remaining, 

bJ  2 without 
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without  adding  any  thing  to  its  bulk,  though  the  abfolute 
weight  of  the  whole  fluid  be  thereby  increafed.  This 
might  be  demonflrated  by  weighing  a phial  of  rain  water, 
critically,  with  a nice  balance : pour  this  water  into  a cup, 
and  add' fait  to  it:  refund  of  the  clear  liquor,  what  will 
again  fill  the  phial ; an  increafe  of  weight  will  be  found  un- 
der the  fame  dimenfions,  from  a repletion,  as  has  been 
faid,  of  the  vacuities  of  the  frefh  water  with  faline  par- 
ticles. 

And  as  fluids  have  vacuities,  or  are  not  perfectly  denfe  ; 
it  is  alfo  probable,  that  they  are  compounded  of  fmall 
fpheres  of  different  diameters,  whofe  interfaces  may  be 
fucceflively  filled  with  apt  materials  for  that  puipofe:  and 
the  fmallcr  thefe  interflices  are,  the  greater  will  the  gravity 
of  the  fluid  always  be. 

For  infiance : fuppofe  a barrel  be  filled  with  bullets  in 
the  moft  compadl  manner,  a great  many  fmall  fhot  may 
afterwards  be  placed  in  the  interflices  of  thofe  balls  ; the 
vacuities  of  the  fhot  may  then  be  replenifhed  with  a certain 
quantity  of  fea  fand ; the  interflices  of  the  fand  may  again 
be  filled  with  water ; and  thus  may  the  weight  of  the  barrel 
be  greatly  augmented,  without  increafing  the  general  quan- 
tity : now  this  being  true  with  regard  tofolids,  is  applicable 
alfo  to  fluids.  For  infiance,  river- water  wdll  dilTolve  a 
a certain  quantity  of  fait ; after  which  it  will  receive  a cer- 
tain quantity  of  fugar,  and  after  that  a certain  quantity  of 
allum,  and  perhaps  other  diffbluble  bodies,  and  not  increafe 
its  firfi  dimenfions, 

Was  all  fpace  abfolutely  full  of  matter,  this  matter  mufi 
either  be  fluid  orfi-xed.  Was  it  fixed,  there  could  pofiibly 

bs 
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be  no  motion  therein,  as  is  plain  both  from  reafon  and  ex^ 
perience;  it  muft  therefore  be  fluid.  But  a fluid  without 
vacuities  w ill  be  denfer,  and  confequently  heavier,  than  all 
fluids;  and  if  denfer,  all  bodies  will  emerge,  and  fwim 
therein,  by  Ivydroftatical  laws,  nor  could  there  be  fuch  a 
thing  as  gravity.  But  as  gravity  cannot  be  denied,  allfpace 
therefore  cannot  be  filled,  even  with  a fluid. 

Borelli  has  demonftrated,  that  the  conflituent  parts  of 
fluids  are  not  fluid,  but  confiftent  bodies ; and  that  the  ele- 
ments of  all  bodies  are  perfedly  firm  and  hard.  The  in- 

• eompreflibility  of  water,  proved  by  the  Florentine  experi- 
ment, is  a fufficient  evidence  alfo,  that  each  primary  par- 
ticle or  fpeckle  thereof  is  aperfedf  and  impenetrable  folid. 

This  famous  experiment  was  firfl;  attempted  by  the  great 
Lord  Verulam,  who  inclofed  a quantity  of  water  in  lead, 
and  found  that  it  inclined  rather  to  make  its  way  through  the 
pores  of  the  metal,  than  be  reduced  to  lefs  compafs  by  any 
force  that  could  be  applied.  At  Florence  this  experiment 
was  afterw'ards  made  more  accurately  with  a globe  of  fil- 
ver  : this  being  filled  with  water  and  well  clofed,  was  gently 
, prelTed,  upon  which  a finall  quantity  of  water  ilTued  from 
the  globe  in  form  of  dew. 

Sir  Ifaac  Newton  and  others  have  attempted  it  fince  witfi 
globes  made  of  gold  and  other  metals,  and  with  equal  fuc- 
cefs.  Mr.  Canton  has  obferved  in  fome  experiments  made 
by  him,  that  the  different  ftate  of  the  air  makes  water  to  be 
compreffed  at  fome  times  more  than  at  others : but  though 
naturally  it  may  be  thus  affedlcd,  we  cannot  by  any  artificial 
method  comprefs  it,  for  as  foon  as  the  cold  is  over,  it  will 

• return  to  its  former  bulk. 
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The  Hydrojiatic  Balance. 

THOUGH  the  hydrometer  is  the  raoft  convenient  in- 
flrumcnt  for  meafuring  the  fpecific  weights  of  fluids,  yet 
for  a meafure  of  the  fpecific  gravity  of  all  fubftances,  wc 
miifl  have  recourfe  to  the  hydroftatic  balance  : which  is 
conflructed  in  various  forms  ; but  we  fhall  content  our- 
felves  here  with  deferibing  that  which  appears  of  all  others 
the  moll  accurate. 

Plate  IX.  V C G (Plate  IX.  fig.  I.)  is  the  (land  or  pillar  of  this 
hydrollatic  balance,  which  is  to  be  fixed  in  a table.  From 
the  top  A,  hangs,  by  two  filk  firings,  the  horizontal  bar 
B B,  from  which  is  fufpended  by  a ring  i,  the  fine  beam  of 
a balance  b:  which  is  prevented  from  defeending  too  low 
on  either  fide  by  the  gently  fpringing  piece  1 x y z,  fixed  on 
the  fupport  M.  The  harnefs  is  annulated  at  o,  to  fhow  dif- 
tinflly  the  perpendicular  pofition  of  the  examen,  by  the 
fmall  pointed  index  fixed  above  it. 

The  firings  by  which  the  balance  is  fufpended,  pafling 
over  two  pullies,  one  on  each  fide  of  the  piece  at  A,  go 
down  to  the  bottom  on  the  other  fide,  and  arc  hung  over 
the  hoqk  at  v ; which  hook,  by  means  of  a ferew  P,  is 
moveable,  about  one  inch  and  one  quarter,  backward  and 
forward,  and  therefore  the  balance  may  be  raifed  or  de- 
preffed  fo  much.  But  if  a greater  elevation  or  depreffion 
be  required,  the  Aiding  piece  S,  which  carries  the  ferew  P, 
is  readily  moved  to  any  part  of  the  fquare  bral^  rod  V K, 
and  fi.xed  by  means  of  a ferevy. 
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The  motion  of  the  balance  being  thus  acljufled,  the  reft 
of  the  apparatus  is  as  follow.  H H is  a fmall  board,  fixed 
upon  the  piece  D,  under  the  fcales  d and  e,  and  is  move- 
able  up  and  down  in  a long  flit  in  the  pillar  above  C,  and 
faftened  at  any  part  by  a ferew  behind.  From  the  point  in 
the  middle  of  the  bottom  of  each  fcale  hangs,  by  a fine 
hook,  a brafs  wire  a d and  a c ; thefe  pafs  through  two  holes 
m m,  in  the  table.  To  the  wire  ad  is  fufpended  a curious 
cylindric  wire  r s,  perforated  at  each  end  for  that  purpofe  : 
this  wire  r s is  covered  with  paper,  graduated  by  equal  di- 
vifions,  and  is  about  five  inches  long. 

In  the  corner  of  the  board  at  E,  Is  fixed  a brafs  tube,  on 
which  a round  wire  hi  is  fo  adapted  as  to  move  neither  too 
tight  nor  too  free,  by  its  flat  head  I.  Upon  the  lower  part 
of  this  moves  another  tube  Q_,  which  has  fuffleient  friftion 
to  make  it  remain  in  any  pofition  required  : to  tliis  is  fixed 
an  index  T,  moving  horizontally  when  fhe  wire  h I Is 
turned  about,  and  therefore  may  be  ealily  fet  to  the  gra- 
duated wire  r s.  To  the  lower  end  of  the  wire  r s han^s  a 

O 

weight  L,  and  to  that  a wire  p n,  wuth  a fmall  brafs  ball 
g,  about  i of  an  inch  diameter.  On  the  other  fide,  tot  he 
W'ire  a c,  hangs  a large  glafs  bubble  R,  by  a horfe  hair. 

Let  us  flrft  fuppofe  the  weight  L taken  away,  and  the 
wire  p n fufpended  by  S ; and  on  the  other  fide,  let  the 
bubble  R be  taken  away,  and  the  weight  F fufpended  at 
c,  in  its  room.  This  weight  F we  fuppofe  to  be  fufficient 
to  keep  the  feveral  parts  hanging  to  the  other  fcale  in  equi- 
librium ; at  the  fame  time  that  the  middle  point  of  the 
wire  p n is  at  the  furface  of  the  water  in  the  veffel  N.  The 
wire  p n Is  to  be  of  fuch  a fize,  that  the  length  of  one 
incli  fliall  Weigh  four  grains. 


Now 
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Now  it  is  evident,  fince  brafs  is  eight  times  heavier  than 
water,  that  for  every  inch  the  wire  finks  in  the  water  it  will 
become  half  a grain  lighter,  and  half  a grain  heavier  for 
every  inch  it  rifes  out  of  the  water:  confequently  by  fink- 
ing two  inches  below  the  middle  point,  or  rifing  two 
inches  above  it,  the_wirc  will  become  one  grain  lighter  or 
heavier.  Therefore,  if  when  the  middle  point  is  at  the 
fiirface  of  the  water  in  equilibrium,  the  index  T be  fet  to 
the  middle  point  a,  of  the  graduated  wire  rs,  and  the  dif- 
tance  on  each  fide  a r and  a s contains  a hundred  equal 
parts;  then,  if  in  weighing  bodies  the  weight  is  required 
to  the  hundredth  part  of  a grain,  it  may  be  eafily  had  by 
proceeding  in  the  following  manner. 

Let  the  body  to  be  weighed  be  placed  in  the  fcale  d.  Put 
the  weight  X in  the  fcale  e,  and  let  this  be  fo  determined 
that  one  grain  more  fhall  be  too  much,  and  one  grain  lefs 
too  little.  Then  the  balance  being  moved  gently  up  or 
down,  by  the  ferew  P,  till  the  equilibrium  be  nicely  Ihewn 
at  o ; if  the  index  T be  at  the  middle  point  a of  the  wire  r s, 
it  (hews  that  the  weights  put  into  the  fcale  e,  are  juft  equal 
to  the  w^eight  of  the  body.  By  this  method  w^e  find  the  ab- 
folute  weight  of  the  body  : the  relative  weight  is  found  by 
weighing  it  hydroftatically  in  water,  as  follows. 

Inftead  of  putting  the  body  into  the  fcale  e,  as  before,  let  it 
hang  with  the  weight  F,  at  the  hook  c,  by  a horfe  hair,  as  at 
R,  fuppofing  the  veffel  O of  water  were  away.  The  equi- 
librium being  then  made,  the  index  T (landing  between  a 
and  r,  at  the  thirty-(ixth  divifion,  ftievvs  the  weight  of  the 
body  put  in,  to  be  1095,36  grains.  As  it  thus  hangs  let  it 
be  immerfed  in  the  water  of  the  veffel  O,  and  it  will  be- 
come much  lighter : the  fcale  e will  defeend  till  the  beam 
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of  the  balance  rell  on  tlie  fupport  x.  Then  fuppofe  roo 
grains  put  in  the  fcale  d,  reltore  the  equilibrium  precifely, 
fo  that  the  index  T Hand  at  the  thirty-Hxth  divifion  above 
a ; it  is  evident  that  the  weight  of  an  equal  bulk  of  watet 
would,  in  this  cafe,  be  exactly  a hundred  grains. 

After  a like  manner  this  balance  may  be  applied  to  find 
the  fpecific  gravities  of  fluids,  as  is  eafy  to  conceive  from 
what  has  been  laid. 


T/j^  Hydromeier. 

This  is  the  moft  eligible  of  all  inftruments  for  finding 
the  fpecific  gravity  of  fluids  only,  as  well  for  cafe  as  ex- 
pedition. 

The  globe  of  the  hydrdfneter  fhould  be  made  of  copper, 
for  ivory  imbibes  fpirituous  liquors,  and  thereby  alters  their 
gravity,  and  glafs  requires  an  attention  that  is  incompatible 
with  expedition.  The  moft  firnple  hydrometer  confilts  of 
a copper  ball  B b,  to  which  is  foldered  a brafs  wire  A B,  jj, 
one  quarter  of  an  inch  thick.  The  Upper  part  of  this  I'lg. 
wire  being  filed  flat,  is  marked  proof,  at  m,  fig.  3,  becaufe 
it  finks  exactly  to  that  mark  in  proof  fpirits.  There  are 
two  other  marks  at  A and  B,  fig.  2,  to  fhew  whether  the 
liquor  be  i -tenth  above,  or  below  proof,  according  as  the 
hydrometer  finks  to  A,  or  emerges  to  B,  when  a brafs 
weight  as  C or  K,  is  ferewed  to  its  bottom  c.  There  arc 
other  weights  to  ferew  on,  which  fliew  the  fpecific  gra- 
vity of  different  fluiJs,  quite  down  to  common  water. 
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The  round  part  of  the  wire  above  the  bail,  may  be  mark- 
ed fo  as  to  reprefent  river  water  when  it  finks  to  R W,  fig. 

3,  the  weight  which  anfwers  to  that  water  being  then 
fcrcwed  on;  and  when  put  into  fpring  water,  mineral  I 
water,  fea  water,  and  water  of  fait  fprings,  it  will  gradually 
rife  to  the  marks  S P,  M I,  S E,  S A ; on  the  contrary, 
when  it  is  put  into  Brillol  water,  rain  water,  port  wine, 
and  mountain  wine,  it  will  fucceflively  fink  to  the  marks 
b r,  r a,  p o,  m o.  Inftruments  of  this  kind  are  fome- 
times  called  areometers. 

There  is  another  fort  of  hydrometer  that  is  calculated  to 
afcertain  the  fpecific  gravity  of  fluids  to  the  greatefl:  preci- 
fion  poflible,  and  which  confifts  of  a large  hollow  ball  B, 

?ig.  4,  fig.  4,  with  a fmaller  bolt  b fcrewed  on  to  its  bottom,  partly 

filled  with  mercury,  or  fmall  fliot,  in  order  to  render  it  but  i 
little  fpecifically  lighter  than  water.  The  larger  ball  has  ' 
alfo  a fhort  neck  at  C,  into  which  is  fcrewed  the  graduated  | 
brafs  wire  A C,  which,  by  a fmall  weight  at  A,  caufes  the  j 
body  of  the  inftrtimcnt  to  defeend  in  the  fluid  with  part  of  j 
the  flem.  j 

When  this  inflrumcnt  is  fwimming  in  the  liquor  con-  ! 
tained  in  the  jar  I L M K,  the  part  of  the  fluid  difplaced 
by  it,  will  be  equal  in  bulk  to  the  part  of  the  inftrument  j 
under  water,  and  equal  in  weight  to  the  whole  inflrument.  j 
Now,  fuppofe  the  weight  of  the  whole  to  be  four  thou-  i 
fand  grains,  it  is  evident  we  can  by  this  means  compare  j 
the  different  dimenfions  of  4000  grains  of  feveral  forts  of 
fluids.  For  if  the  weight  at  A be  fuch,  as  will  caufe  the  ball  i 
to  fink  in  rain  water,  till  its  furface  come  to  the  middle 
point  of  the  flem  20,  and  after  that,  if  it  be  immerfed  in  ' 

^ common  fpring  water,  and  the  furfacc  be  obferved  to  fland 
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at  one  tenth  of  an  inch  below  the  middle  point  20,  it  is 
apparent  that  the  fame  weight  of  each  water  differs  only  in 
bulk,  by  the  magnitude  of  one  tenth  of  an  inch  in  the 
flem. 

Now,  fuppofe  the  flem  to  be  ten  inches  long  and  weigh 
100  grains,  then  every  tenth  of  an  inch  will  weigh  one 
grain ; and  as  the  ftem  is  of  brafs,  which  is  about  eight 
times  heavier  than  water,  the  fame  bulk  of  water  will  be 
equal  to  i-8thofa  grain,  and  confequently  to  the  i-8th  of 
1-4  thoufandth  part,  that  is,  1-32  thoufandth  part  of  the 
whole  bulk.  This  inftrument  is  capable  of  dill  greater 
precifion,  by  making  the  ftem  or  neck  confift  of  a flat  thin 
flip  of  brafs,  inftead  of  one  that  is  cylindrical:  for  by  this 
means  we  mcreafe  the  furfacc,  which  is  the  mofl:  requifite 
circumfl:ance>  and  diminifli  the  folidity,  which  ncceflarily 
renders  the  inffrument  flill  more  accurate. 

To  adapt  this  inflrument  to  all  purpofes,  there  fliould  be 
two  flems  to  ferew  on  and  off”,  in  a fmall  hole  at  a.  One 
flem  fliould  be  a fmooth  thin  flip  of  brafs,  or  rather  fteel, 
like  a watch  fpring  fet  flraight,  fimilar  to  that  we  have  juft 
mentioned,  on  one  fide  of  which  is  to  be  the  feveral  marks 
or  divifions  to  which  it  will  fink  in  different  forts  of  water"^ 
as  rain,  river,  fpring,  fea,  and  fait  fpring  waters,  See.  and 
on  the  other  fide  you  may  mark  the  divifions  to  which  it 
finks  in  various  lighter  fluids,  as  hot  Bathwater,  Briftol water, 
Lincomb  water,  Cheltenham  water',  port  wine,  mountain, 
madeira,  and  other  forts  of  wines.  But  here  the  w'eight  at 
A on  the  top,  muft  be  a little  lefs  than  before,  when  it 
was  ufed  for  heavier  waters. 

X a 
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But  in  trying  t}ie  firength  of  the  fpirituous  liquors  3 
common  cylindric  flem  will  do  beft,  becaufe  of  its  flrength 
and  Ileadinefs : and  this  ought  to  be  fo  contrived,  th^t  when 
immerfed  in  wliat  is  called  proof  fpirit,  the  furface  of  the 
fpirit  may  be  upon  the  middle  point  20  ; which  is  eafily 
done  by  duly  adjufting  the  fmall  weigl)t  A,  on  the  top,  and 
tnaking  the  ftem  of  fuch  a length,  thjtt  when  immerfed  jn 
water,  it  may  juft  cover  the  ball  and  rife  p a ; but  wften 
immerfed  in  pure  fpirit,  it  may  rife  to  the  top  A.  Then 
hy  dividing  the  upper  and  lower  parts  A 20,  and  a 20,  into 
ten  equal  parts  each,  when  the  inftrument  is  immerfed  in 
any  fort  of  fpirituous  liquor,  it  will  immediately  fhew  how 
much  it  is  above  or  below  proof. 

Proof  fpirit  confifts  of  half  water,  and  half  pure  fpirit, 
that  is  fuch  as  when  poured  on  gunpowder,  and  fet  on  fire, 
will  burn  all  away ; and  permits  the  powder  to  take  fire 
and  flafh,  as  in  open  air.  But  if  the  fpirit  be  not  fo  highly 
re(9;lfied,  there  will  remain  feme  water,  which  will  make 
the  powder  wet,  and  unfit  to  take  fire.  Proof  fpirit  of  any 
kind  weighs  feven  pounds  twciv'e  ounces  per  gallon, 

The  common  method  of  fliaklng  the  fpirits  in  a phial, 
and  raifing  a head  of  bubbles,  to  judge  by  their  manner  of 
lifing  or  breaking,  whether  the  fpirit  be  proof  or  near  it,  is 
very  faljacipus.  The^e  is  no  way  fo  certain,  and  at  the  fame 
time  fo  eafy  and  expeditious,  as  this  by  the  hydrometer : 
which  will  infallibly  demonftrate  the  difference  of  bulks, 
and  confequently  the  fpecific  gravities  in  equal  weights  of 
fpirits,  to  the  thirty,  forty,  or  fifty  thoufandth  part  of  tfte 
whole,  which  is  a degree  of  accuracy  no  one  can  wifh  tp 
exceed. 
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My  friend  Mr.  Dicas  of  Liverpool  has  obtained  his  Ma- 
jefty’s  letters  patent  for  the  complcatcll  hydrometer  I have 
yet  feen. 


On  the  Syphon. 

IF  a fmall  fyphon,  whofe  legs  are  of  equal  length,  be 
filled  with  water,  and  turned  downward,  the  fluid  will  not 
run  off,  but  remain  fufpended  therein,  fo  long  as  it  is  held 
exaclly  level : but  when  an  inclination  to  either  leg  is 
given,  whereby  one  in  effect  is  made  fliorter  than  the 
other,  the  water  willlhoot  out-by  the  longer  leg. 

The  air  is  a fluid  whofe  dcnfity  near  the  furface  of  the 
earth  is  experimentally  found  to  be  to  that  of  water,  at  a 
medium,  as  i to  850  ; fo  that  850  gallons  of  air,  near  the 
earth  weigh  as  much  as  one  gallon  of  water.  Now,  ac- 
cording to  the  nature  of  all  other  fluid  bodies,  the  air  pref- 
fes  the  fijrface  of  all  things  expofed  to  it  every  way  equally. 
When  therefore  the  legs  of  the  fyphon,  equal  in  lengthy 
are  turned  down,  the  weight  of  the  atmofphere  above  being 
kept  off  by  the  machine,  the  under  air,  bearing  againft  and 
reprefling  the  water,  endeavouring  to  fall  out  of  either  of 
them,  with  equal  force,  keeps  it  in  fufpcnce,  and  prevents 
its  motion.  But  when  by  inclining  it  to  either  fide,  we  in  ' 
effecl  fliorten  one  of  its  legs,  and  prolong  the  other,  an  ad-  ‘ 
vantage  is  given  to  the  weightier  fluid  to  preponderate  or 
over-weigh  ; the  water  then  begins  to  defeend,  and  by  its 
continuity  brings  away  the  wliple. 

And  to  obferve  how  fmall  an  inclination  will  ferve  this 
jpurpofe,  one  need  only  take  a couple  of  jars  full  of  water, 

and 
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and  hang  a fmall  fyphon,  whofe  legs  are  of  equal  length, 
upon  the  edge  of  one;  the  external  leg  whereof  will,  from 
the  floping  of  the  jar,  naturally  incline  a little,  and  the  fy- 
phon will  foon  begin  to  adl,  by  the  attradlion  of  cohefion 
before-mentioned  ; then  taking  it  on  the  edge  of  the  other 
jar,  the-  like  will  immediately  happen  : and  thus  recipio- 
cally  may  the  efFe£l  be  produced,  as  often  and  as  fuddenly 
as  you  pleafe. 

And  hence  the  reafon  why  in  pradlice  the  legs  of  the 
fyphon  arc  ufually  made  of  unequal  lengths ; and  why  the 
fhorterleg  is  put  into  the  liquor,  and  the  fluid  decanted  by 
the  other,  will  in  part  appear. 

It  is  evident  from  what  has  been  faid,  that  the  two  legs 
of  the  fyphon  being  of  equal  length  in  the  plane  A B,  arc 
there  equally  reprelTed  by  the  atmofphere ; and  was  the 
crane  filled  with  liquor  only  to  that  height,  and  held  level, 
no  motion  of  the  fluid  would  follow,  till  an  advantage  by 
inclining  it  fhould  be  given  as  before  faid.  Inflead  of  which 
inclination  a length  of  pipe,  of  fome  inches  perhaps,  as 
from  B to  C in  the  figure,  is  commonly  added  to  thefe 
machines,  which,  previous  to  the  operation,  is  ordinarily 
filled  as  well  as  the  reft  with  a grofs  fluid,  many  degrees 
heavier  than  a like  quantity  of  air,  wherewith  it  is  then 
compared ; by  the  gravity  whereof  the  oppofite  fide  be- 
comes greatly  over-balanced ; and  therefore  liquors  are  by 
this  machine  ufually  decanted  with  a good  deal  of  rapidity. 


Of 


USEFUL  KNOWLEDGE. 


‘59 


Of  the  Syphon  dif gulfed, 

A Syphon  may  be  difguifed  in  a cup,  from  which  no 
liquor  will  flow  till  the  fluid  is  raifed  therein  to  a certain 
height ; but  when  the  efflux  is  once  begun,  it  will  continue 
till  the  vefTel  is  emptied.  For  inflance : Fig.  6 is  a cup,  in  Fig.  6. 
the  center  whereof  is  fixed  a glafs  pipe  A,  continued  through 
the  bottom  at  B,  over  which  is  put  another  glafs  tube, 
made  air  tight  at  top  by  means  of  the  cork  at  C,  but  left  fo 
open  at  foot,  by  holes  made  at  D,  that  the  water  may 
freely  rife  between  the  tubes  as  the  cup  is  filled.  Till  the 
fluid  in  the  cup  fhall  have  gained  the  top  of  the  inmofl  pipe 
at  A,  no  motion  will  appear:  the  air  however  from  between 
the  two  pipes,  being  in  the  mean  time  extruded,  by  the 
rife  of  the  denfer  fluid,  and  pafling  down  the  inner  tube. 

Will  get  away  at  bottom,  and  the  water,  as  foon  as  the  top 
of  the  inclofed  tube  fhall  be  covered  thereby,  will  very 
foon  follow,  and  continue  to  rife  in  this  machine,  as  in  the 
fyphon,  till  the  whole  is  run  off. 

This  is  called  by  fome  a Tantalus  cup,  and  to  humour  the 
thought,  a hollow  figure  is  fometimes  put  over  the  inner 
tube,  of  fuch  length,  that  when  the  fluid  is  got  nearly  up 
to  the  lips  of  the  man,  the  fyphon  may  begin  to  aft  and 
empty  the  cup. 

This  is  in  effeft  no  other  than  if  the  tw'o  legs  of  the  fy- 
phon were  both  either  in  the  vcflel,  as  in  Fig.  7,  into  w'hich  Fig.  r. 
the  water  poured  will  rife  in  the  fliorter  leg  of  the  machine, 
by  its  natural  preflure  upwards,  to  its  own  level ; and  when 
it  fhall  have  gained  the  bend  of  the  fyphon,  it  will  come 
away  by  the  longer  leg,  as  already  deferibed. 

The 
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T^he  Hydrojiaiical  Paradox. 

7'  II  E hydroftatlcal  paradox,  as  by  Tome  it  is  called;-  de- 
pends on  the  equal  prcdlire  of  the  parts  of  fluids  every  where 
at  the  fame  depth.  It  is  this  : any  quantity  of  fluid,  how- 
ever fjTiall,  may  be  made  to  counterpoife  and  fullain  any 
weight,  how  large  foever. 

fig.  8.  Let  A B D G reprefent  a cylindrical  vcflel,  to  the  inflde 
of  which  is  fitted  the  cover  C,  which,  by  means  of  leather 
at  the  edge,  will  eafily  Aide  up  and  down  in  the  internal 
cavity,  without  permitting  any  water  to  pafs  between  its 
edges  and  the  furface  of  the  cylinder.  In  the  cover  is  in- 
ferted  the  fmall  tube  C F,  which  is  open  at  top,  and  com- 
municates with  the  inflde  of  the  cylinder  beneath  the  cover 
•at  C.  The  cylinder  is  filled  wdth  water  and  the  cover  put 
on.  Then,  if  the  cover  be  loaded  with  the  weight,  fup- 
pofe  of  a pound,  it  will  be  depreffed,  the  water  will  rife  in 
the  tube  to  E,  and  the  weight  will  be  fuflained.  If  ano- 
ther pound  be  added,  the  water  will  rife  to  F,  and  the 
weight  w'ill  be  fuftained,  and  fo  forth,  according  to  the 
weight  added,  and  the  length  of  the  tube.  Now  the  weight 
of  the  water  in  the  tube  is  but  a few  grains,  yet  its  lateral 
prelfure  ferves  tofuftain  as  much  as  the  weight  of  a column 
of  water,  whefe  bafe  is  equal  to  that  of  the  cylinder,  ami 
height  equal  to  that  in  the  tube.  Thus,  the  column  E C 
produces  a prelfure  in  the  water  contained  in  the  cylinder, 
equal  to  what  would  have  been  produced  by  the  column 
A a d D ; and  as  this  preflure  is  exerted  every  way  equally, 
the  cover  will  be  prelfed  upwards  with  a force  equal  to  the 
weight  of  A a d D ; confequently  if  A ad  D would  weigh 
a pound,  E C will  fuftain  a pound.  And  the  like  of  other 
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heights  and  weights.  And  by  diminifliing  the  diameter  of 
the  tube,  any  quantity  of  water,  how  fmall  foever,  will,  in 
theory  I'ultain  any  w^eight  however  large. 

The  fame  may  be  fliewn  fimpler,  thus,  let  AGED 
reprelent  a hollow  cylinder  of  wood,  which  nearly  fills  the 
cavity.  In  the  cylinder,  fuppofe  a little  water,  whofe  fur- 
face  is  g b ; then,  if  the  wooden  cylinder  be  put  into  the 
hollow  one,  the  water  will  rife  between  thefurfaces  to  a and 
d,  and  the  wood  will  be  fuftained  floating.  The  nearer 
the  wooden  cylinder  approaches  to  the  fize  of  the  cavity, 
the  Icfs  water  is  necelTary  for  the  experiment. 


Tlje  Hydrojiatic  BellcWs. 


IS  perhaps,  the  bell:  machine  in  the  world  for  demonflra- 
ting  the  upward  prelfure  of  fluids.  It  confifls  of  two  thick 
oval  boards,  each  about  i6  inches  broad,  and  i8  inches 
long,  covered  with  leather,  to  open  and  fhutlike  a common 
bellows,  but  without  valves ; only  a pipe  about  three 
feet  high,  is  fixed  into  the  bellows.  Let  fome  water 
be  poured  into  the  pipe,  which  will  run  into  the  bel- 
lows, and  feperate  the  boards  a little.  Then  lay  three 
weights,  each  weighing  loo  pounds,  upon  the  upper 
board,  and  pour  more  w^ater  into  the  pipe,  which  will 
run  into  the  bellows,  and  raife  up  the  board  with  all 
the  weights  upon  it,  and  if  the  pipe  be  kept  full,  until  the 
Weights  are  raifed  as  high  as  the  leather  which  covers  the 
bellows  will  allow  them,  the  water  will  remain  in  the  pipe, 
and  fiipport  all  the  weights,  even  though  it  fhould  weigh  no 
more  than  a quarter  of  a pound,  and  they  300  pounds  : nor 
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will  all  their  force  be  able  to  caufe  them  to  defcend  and 
force  the  water  out  at  the  top  of  the  pipe. 

The  reafon  of  this  will  be  made  evident,  by  confidering 
what  has  been  already  faid  of  the  refult  of  the  preflure  of 
fluids  of  equal  heights,  without  any  regard  to  the  quantities. 
For,  if  the  hole  be  made  in  the  upper  board,  and  a tube  be 
put  into  it,  the  water  will  rife  in  the  tube  to  the  fame  height 
that  it  does  in  the  pipe;  and  w'ould  rife  as  high  (by  fupply- 
ing  the  pipe)  in  as  many  tubes  as  the  board  could  contain 
holes.  Now,  fuppofe  only  one  hole  to  be  made  in  any  part 
of  the  board,  of  an  equal  diameter  with  the  bore  of  the  pipe 
and  that  the  pipe  holds  juft  one  quarter  of  a pound  of 
water  ; if  a perfon  claps  his  finger  upon  the  hole,  and  the 
pipe  be  filled  with  water,  he  will  find  his  finger  prefied  up- 
ward with  a force  equal  to  a quarter  of  a pound ; and  as 
the  fame  preflure  is  equal  upon  all  equal  parts  of  the  board* 
each  part  whofe  area  is  equal  to  the  area  of  the  hole,  W'ill 
be  preiTcd  upward  with  a force  equal  to  that  of  a quarter  of 
a pound ; the  fum  of  all  which  preffurcs  againft  the  under 
fide  of  an  oval  board  1 6 inches  broad,  and  1 8 inches  long* 
will  amount  to  300  pounds ; and  therefore,  fo  much  weight 
will  be  raifed  up  and  fupported  by  a quarter  of  a pound  of 
water  in  the  pipe. 


How  a man 
may  raife 
himfelf  up- 
wards by 
his  breath. 


Hence,  if  a man  ftands  upon  the  upper  board,  and  blows 
into  the  bellow's  through  the  pipe  B,  he  will  raife  himfelf 
upward  upon  the  board : and  the  fmaller  the  bore  of  the  pipe 
is,  the  eafier  he  will  be  able  to  raife  himfelf.  And  then* 
by  clapping  his  finger  on  the  top  of  the  pipe,  he  can  fupport 
himfelf  as  long  as  he  pleafes ; provided  the  bellows  be  air 
tight,  fo  as  not  to  lofe  what  is  blown  into  it. 


Upon 
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Upon  this  principle  of  tlie  upward  prcfTure  of  fluids,  a 
piece  of  lead  may  be  made  to  Iwim  in  water,  by  immerfing 
it  to  ,a  proper  depth,  and  keeping  the  water  from  getting 
above  it.  Let  C D be  a glafs  tube  open  throughout,  and 
E F O a flat  piece  of  lead,  exa£lly  fitted  to  the  lower  end 
of  the  tube,  not  to  go  within  it,  but  for  it  to  ftand  upon  ; 
with  a wet  leather  between  the  lead  and  the  lube  to  make 
clofe  work.  Let  this  leaden  bottom  be  half  an  inch  thick, 
and  held  clofe  to  the  tube,  by  pulling  the  packthread  I H L 
upw^ard  at  L with  one  hand,  vvhilfl;  the  tube  is  held  in  the 
other  by  the  upper  end  C.  In  this  fituation,  let  the  tube 
be  immerfed  in  water,  in  the  glafs  velTel  A B,  to  the  depth 
of  fix  inches  below  the  furface  of  the  water  at  K;  and  then 
the  leaden  bottom  E F G wiW  be  plunged  to  the  depth  of 
fomewhat  more  than  eleven  times  its  own  thicknefs  5 hold- 
ing the  tube  at  that  depth,  you  may  let  go  the  thread  at  L; 
and  the  lead  will  not  fall  from  the  tube,  but  will  be  kept  to 
it  by  the  upward  prelfure  of  the  water  below  it,  occafioned 
by  the  height  of  the  w'ater  at  K above  the  level  of  the  lead. 
For,  as  lead  is  11,33  tii'^es  as  heavy  as  its  bulk  of  water, 
and  is  in  this  experiment  immerfed  to  a depth  fomewhat 
more  than  11,33  times  its  thicknefs,  and  no  water  getting 
into- the  tube  between  it  and  the  lead,  the  column  of  water 
E a be  G below  the  lead,  is  prefTec)  upward  againft  by  the 
water  K D E G L all  around  the  tube;  which  water  being 
a little  more  than  11,33  times  as  high  as  the  lead  is  thick, 
is  fufficient  to  balance  and  fupport  the  leg  at  the  depth  K E. 
If  a little  water  be  poured  into  the  tube  upon  the  lead,  it 
will  increafethe  weight  upon  the  column  of  water  under  the 
lead,  and  caufe  the  lead  to  fall  from  the  tube  to  the  bottom 
of  the  glafs  vefTel,  where  it  will  lie  in  the  fituation  b d. 
Or  if  the  tube  be  raifed  a liule  in  the  water,  the  lead  will 
fall  by  its  own  weight,  which  will  then  be  too  great  for 
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How  light 
wood  may 
be  made  to 
lie  at  the 
bottom  of 
water. 

Fig.  II. 


tlie  preffure  of  the  water  around  the  tube,  upon  tlie  column 
of  water  below  It. 

Let  two  pieces  of  wood  be  planed  quite  flat,  fo  as  no 
water  may  get  between  them  when  they  arc  put  together : 
let  one  of  the  pieces  as  b d,  be  cemented  to  the  bottom  of 
the  veflel  A , B,  and  the  other  piece  be  laid  flat  and  clofc 
upon  it,  and  held  down  to  it  by  a flick,  whilfl  water  is 
poured  into  a vcflTel;  then  remove  the  flick,  and  the  upper 
piece  of  wood  will  not  rife  from  the  lower  one;  for  as  the 
upper  one  is  prefled  down,  both  by  its  own  weight  and  the 
W'eight  of  all  the  water  over  it,  whilfl  the  contrary  prelfure 
of  the  water  is  kept  off  by  the  wood  under  it,  it  will  lie  as 
flill  as  a flone  would  do  in  its  place.  But  if  it  be  raifed 
ever  fo  little  at  any  edge,  fome  water  will  then  get  under 
it,  which  being  a£ted  upon  by  the  water  above,  will  im- 
mediately pafs  it  upward  ; and  as  it  is  lighter  than  its 
bulk  of  water,  it  will  rife,  and  float  upon  the  fiufacc  of 
the  water. 

All  fluids  weigh  juft  as  much  in  their  own  elements  as 
they  do  in  open  air.  To  prove  this  by  experiment,  let  as 
much  fliotbc  put  into  a phial,  as,  when  corked  will  make 
it  fink  in  water ; and  being  thus  charged,  let  it  be  weighed 
firft  in  air,  and  then  in  water,  and  the’  weights  in  both  cafes 
wrote  down.  Then  as  the  phial  hangs  fufpended  in  water, 
and  counterpoifed,  pull  out  the  cork,  that  water  may  run 
into  it,  and  it  will  defeend  and  pull  out  that  end  of  the  beam. 
This  done,  put  as  much  weight  into  the  oppofitc  fcale  as 
•vvill  reftore  the  equipoife,  which  weight  will  be  found  to 
anfwer  exa£lly  to  the  additional  weight  of  the  phial  when 
it  is  again  weighed  in  air,  w'ith  the  water  m it. 
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The  velocity  with  wliicli  water  ri>outs  out  at  a hole  '''o- 

the  fide  or  bottom  of  a vefTcl,  is  as  the  fquareroot  of  the  rpolthig 
depth  or  diftance  of  the  hole  below  the  furface  of  the  wa- 
ter.  For  in  order  to  make  double  the  quantity  of  a fluid 
run  through  one  hole,  as  through  another  of  the  fame  fize^ 
it  will  require  four  times  the  preilure  of  the  other,  and  there- 
fore muft  be  four  times  the  depth  of  the  other  below  the  fur- 
face  of  the  water:  and  for  the  fame  rcafon  three  times  the 
quantity  running  in  an  equal  time  through  the  fame  fort  of 
hole,  mtifl:  run  with  three  times  the  velocity ; and  confe- 
quently  muft  be  nine  times  as  deep  below  the  furfacc  of  the 
fluid,  and  fo  on.  To  prove  this  by  an  experiment,  let  two 
pipes,  as  C andg,  of  equal  fized  bores,  be  fixed  into  the  fide 
of  the  veflTel  AB;  the  pipeg  being  four  times  as  deep  be- 
low the  furface  of  the  water  at  b in  the  veflTel  as  the  pipe  C 
is  ; and  whilft  thefe  pipes  run.  let  water  be  conftantly  poured 
into  the  veffel,  to  keep  the  furface  ftill  at  the  fame  height. 

Then,  if  a cup  that  holds  a pint  be  placed  fo  as  to  receive 
the  water  that  fpotits  from  the  pipe  C,  and  at  the  fame  mo-  ' 
ment  a cup  that  holds  a quart  be  fo  placed  as  to  receive  the 
water  that  fpouts  from  the  pipe  g,  both  cups  will  be  filled 
at  the  fame  time  by  their  refpedlivc  pipes. 

The  horizontal  diftance  to  which  a fluid  will  fpout  from  a The  hon. 
horizontal  pipe,  in  any  part  of  the  fide  of  an  upright  velfel 
below  the  furface  of  the  fluid,  is  equal  to  twice  the  length 
of  a perpendicular  to  the  fide  of  the  veffel,  drawn  from  I'pout  irom 
the  mouth  of  the  pipe  to  a femi-circle  deferibed  upon  the 
altitude  of  the  fluid  ; and  therefore,  the  fluid  will  fpout  to 
the  greateft  diftance  pofllble  from  a pipe,  whofc  mouth  is  at 
the  center  of  the  femi-circle  ; becatife  a perpendicular  to  its 
diameter  (fuppofed  parallel  to  the  fide  of  the  vcflTelj  drawn 
from  that  point  is  the  longeft  that  can  poftibly  be  drawn 
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from  any  part  of  the  diameter  to  the  circumference  of  the 
femi-circle.  Thus,  if  the  vefTel  A B be  full  of  water,  the 
horizontal  pipe  D be  in  the  middle  of  its  fide,  and  the  femi- 
circle  N d c b be  defcribed  upon  D as  a center,  with  the 
radius  or  femi-diameter  D g N or  D f b,  the  perpendicular 
Dd  to  the  diameter  N D b,  is  the  longefl  that  can  be  drawn 
from  any  part  of  the  diameter  to  the  circumference  N d c b. 
And  if  the  veflel  be  kept  full,  the  jet  G will  fpout  from  the 
pipe  D,  to  the  horizontal  diftance  N M,  which  is  double  the 
length  of  the  perpendicular  D d.  If  two  other  pipes  as 
C and  E,  be  fixed  into  the  fide  of  the  vefiel  at  equal  dif- 
tances  above  and  below  the  pipe  D,  the  perpendicular  C c, 
and  E c,  fromtheie  pipes  to  the  femi-circle  will  be  equal; 
and  the  jets  F and  H fpouting  from  them  will  each  go  to 
the  horizontal  diftance  N K ; which  is  double  the  length 
of  either  of  the  equal  perpendiculars  C c or  E H, 


Of  SuSlton  by  Machines, 

THE  quantity  of  the  air’s  prefiure  may  be  demonfiratcd 
either  by  experience  on  the  pump  itfelf,  or  by  its  equipoif- 
ing,  and  at  a medium  fuftaining  29I  inches  of  mercury, 
a fluid  near  fourteen  times  heavier  than  water,  in  the  baro- 
in?  ter.  And  that  whereby  we  know  that  the  air’s  preffure 
on  the  furface  of  the  fluid  caufes  the  water  to  rife  in  the 
pump,  and  become  certain  that  it  proceeds  from  no  propeiv 
ty,  power  or  efficacy  in  fu£lion,  is,  that  in  the  air,  w’ater, 
and  even  a fluid  fo  denfe  as  mercury,  may  be  raifed  by  pro- 
per machines  ; but  if  the  air’s  prcffiire  be  removed,  it  can- 
not be  raifed  at  all ; as  may  be  ffiewn  by  an  exhaufling 
fyringe,  commonly  termed  a fucking  fyringe,  to  diflinguifli 
it  from  a forcing  or  injedling  one,  or  by  a common  pump. 

Let 
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Let  this  be  fixed  to  a tranfparent  tube,  and  the  lower  end  Experiment, 
thereof  put  into  a jar  of  mercury,  inclofed  within  a tall  re- 
ceiver ; before  the  air  is  exhaulled,  if  the  pifton  be  raifed 
the  mercury  will  immediately  follow  ; after  it  is  exhaulled 
no  fuch  elFeft  will  appear. 

This  being  determined  and  certain,  all  we  are  to  under- 
ftand  by  fuilion  is,  that  whenever  by  any  mechanical  con- 
contrivance,  the  preffure  of  the  air  is  in  any  place  abated,  the 
adjacent  matter,  urged  on  by  the  weight  of  the  atmofphcre, 
will  tend  thither;  and  if  that  matter  be  fluid,  it  will  rile  fo 
far  above  its  common  level,  till  by  its  abfolute  weight,  a juft 
equality  is  made,  to  preferve  the  equilibrium  which  ought 
every  where  to  exift  by  the  eftablilhed  laws  of  nature. 

Before  Galileo’s  time,  philofophers  fancied  this  rife  of 
^vater  and  other  fluids,  to  be  the  refult  of  nature’s  abhorring 
a vacuum.  Not  to  cavil  with  the  term  abhor,  which  can 
only  properly  be  applied  to  animal  affedtion  ; but  to  take  it 
as  it  was  probably  intended,  in  a metaphorical  fenfe;  we 
may  reafonably  enquire,  how  nature  came  to  abhor  a vacuum 
in  the  cafe  before  us,  to  the  height  of  between  30  and  40 
feet  from  the  furface  of  the  earth,  and  no  farther.?  Had  fhe 
abfolutely  abhorred  a vacuum,  this  abhorrence  would  have 
been  indefinite;  and  water,  upon  this  principle,  might  have 
been  raifed  3000  as  well  as  30  feet  high.  But  this  is  other- 
wife  in  fadl ; and  by  experience  we  find  that  nature  has  no 
antipathy  to  a vacuum  ; but  that  in  general,  one  heavy  body 
only  rifes,  when  another  fuperior  in  weight  defeends. 

The  rife  of  water  in  the  fucking  pump,  by  the  general 
preffure  of  the  atmofphcre  incumbent  on  the  furface  of  tlie 
water  in  the  well,  a preffure  not  to  be  excluded  from  the 
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bowels  of  a body  fo  porous  as  the  earth,  being  tluis  fettled^ 
the  parts  of  this  machine,  with  the  manner  in  which  tliey 
aft,  will  next  come  under  conhderation. 


On  the  Pump. 

THIS  ufeful  piece  of  mechanifm  was  firfl  invented  by 
Ctrfebes,  a mathematician  of  Alexandria,  about  120  years 
before  Chrifl.  When  the  air’s  prefTurc  came  afterwards  to 
be  known,  it  wasmucli  improved,  and  is  notv  brought  to  a 
great  degree  of  perfeftion. 

Of  this  macliine  there  arc  fimply  three  kinds,  viz.  the 
the  fucking,  the  forcing,  and  the  lifting  pump.  By  the 
two  laft  v/atcr  may  be  raifed  to  any  height,  with  an  adequate 
apparatus  and  fuflicient  power  : by  the  former  it  may  by  the 
general  prelTure  of  the  atmofphere  on  the  furface  of  the  well- 
water,  be  raifed  no  more  than  33  feet,  as  was  before  hinted, 
though  in  praftice  it  is  feldom  applied  to  the  raifing  it  much 
above  28  \ becaufe  from  the  variations  obferved  on  the  ba- 
rometer, it  is  apprehended  thrt  the  air  may  on  certain  oc- 
calions  be  fomething  lighter  than  33  feet  of  water;  and 
whenever  that  fliall  happen,  for  want  of  the  counterpoife, 
this  pump  may  fail  in  its  performance. 


On  the  fucking  Pump. 

Plate  X.  THE  common  and  mofl  ufual  pump,  confifls  of  a pipe 
J-ig,  I.  open  at  both  ends,  in  which  there  is  a Aiding  piffon  as  large 
as  the  bore,  which  by  means  of  the  hand,  or  fome  other 
contrivance  may  be  moved  up  and  down  without  fuffering 
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any  air  to  come  between  it  and  the  Tides  of  the  pipe,  which 
is  alfo  called  the  barrel. 

If  the  low'er  end  of  this  pipe  and  piflon  be  put  into 
water,  and  the  pillon,  by  lifting  away  thq  column  of  upper 
air,  a vacuum  will  be  made  in  the  pipe,  upon  which  the 
atmofphere  prelling  upon  the  w^ell  water,  will  force  it  to 
follow'  the  piflon,  even  to  the  height  of  33  feet,  if  the 
flroke  could  be  of  that  continued  length;  and  if  there  be  a 
valve  or  clack,  fomething  like  a trap  door,  to  Ihut  down- 
ward, as  Fig.  2.  placed  in  fome  convenient  part  of  the  Fig.  2. 
pipe,  below  the  water  To  raifed,  as  at  C,  Fig.  i,  it  will  pij.  i. 
be  retained  therein ; but  if  this  contrivance  is  wanting, 
upon  letting  down  the  pifton  again,  the  water  will  recede 
along  with  it  towards  the  fpring ; fo  that  by  the  motion 
of  the  pifton  up  and  down,. the  water  indeed  might  rife 
and  fink  in  the  barrel  at  every  flroke ; but  without  an 
under  valve  to  confine  and  keep  it  there,  none  can  be 
draw'n  for  fervice  in  the  common  way. 

The  frame  A of  thefe  valves  is  ufually  made  of  wood,  ^ 

cxadly  fitted  to  the  bore  of  the  pipe>  and  not  over  thick, 
that  it  may  not  flop  too  much  of  the  water  way,  to  this  the 
hinge  of  the  leather  flap  B,  which  is  ufually  lined  with 
lead,  not  only  to  make  it  fall  readily,  but  to  give  it  flrength 
fufficient  to  bear  the  weight  of  the  water  raifed,  without 
W'arping,  is  commonly  nailed. 

In  this  kind  of  pump  there  is,  bcfides  this  fixed  valve,  a 
moveable  one  for  conveniency,  placed  in  the  pifton  as  at  D,  pig,  r. 
alfo  opening  upwards,  or  the  way  the  water  is  to  rife. 

Such  a pifton  is  commonly  called  the  bucket. 


Z 


When 


AN  INTRODUCTION  TO 


V/hen  ihc  bucket  of  this  machine  defeends,  if  the  bore 
of  the  pipe  be  already  full  of  w ater,  the  rcTiflance  thereof 
will  piifli  open  the  moving  valve,  and  part  of  the  water  will 
get  above,  and  when  the  piflon  is  drawn  upw'ards,  this 
valw  will  clofe  under  the  incumbent  weight,  and  the  water 
will  be  raifed  by  the  force  applied  : fo  that,  whenever  the 
moveable  valve  by  being  raifed,  is  made  to  lift  the  weight  of 
thecolumn,asw'ellofairas  of  w'ater  lying  thereon,  the  fixed 
valveisdifchargedof  all  preflure;  and  then  a quantity  of  water, 
precifely  equal  to  that  lifted  and  drawn  off  by  the  bucket, 
will  by  the  ordinary  prclTure  of  the  atmofphere,  as  was  faid, 
on  the  water  in  the  well,  be  forced  or  rather  w'cighed  up 
through  it,  to  rcplenilh  the  pipe  or  barrel.  This  alternate 
adlion  of  the  tw'o  valves  is  viliblc  through  the  glafs  pumps, 
and  is  worthy  of  remark. 

But  if  the  bore  of  this  macliine  be  full  of  air  only,  before 
water  can  be  drawn,  that  air  mufl:  be  exhaufted,  which  m.ay 
be  done  if  the  pifion  valve  be  tight,  by  the  ordinary  motion^  j 
thereof:  but  for  the  greater  certainty  and  expedition,  wa- 
ter is  commonly  poured  thereon  down  the  pipe,  vulgarly 
called  fetching  the  water;  wTich  is  of  no  other  ufe  than  to 
wet  the  valves,  and  fupple  the  collar  of  leathers  fixed  to  the 
pifion,  and  fpread  it  that  it  may  lie  clofe  to  the  fides  of  the 
barrel,  and  fuffer  neither  the  upper  air  or  water  to  efcape  by 
it,  when  it  is  moved  up  and  down. 

The  firft  ftroke  of  the  pump,  if  fufficicntly  long,  will 
make  a vacuum  iir  the  pipe  ; if  otherwife  an  approach  is 
only  made  towards  it,  and  but  a part  of  the  contained  air 
lifted  away  ; upon  which  the  air  remaining  in  the  cavity  of 
the  bore,  from  its  natural  fpring  will  be  confiderably  dilated. 
To  refiore  the  natunil  denfity  whereof,  the  atmofphere  then 
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prcHing  harder  on  tlie  well  water,  than  the  dilated  air  docs 
on  that  in  the  pipe,  will  caufe  the  water  to  rife  therein  fo 
far,  as  that,  together  with  the  included  air  (yet  a little  rare- 
fied by  the  depending  weight  of  water)  it  fliail  juft  coun- 
terpoil'e  the  weight  of  the  outward  air.  The  very  fame 
thing  will  happen  again  on  a repetition  ofth.eftrokc,  till  by 
degrees  the  water  ftiall  have  reached  the  moving  valve  ; and 
then  the  procefs  will  go  on  fteadily  as  before  deferihed. 
And  water,  by  m.eans  of  this  contrivance,  may  be  raifed 
to  any  height  whatever,  if  the  power  applied  be  fufficient 
to  lift  the  weight,  and  the  pipes  ftrong  enough  to  bear  the 
fluid's  natural  prcffiire. 

The  prefTureon  the  pipes  in  pump  work  is  in  proportion 
to  the  (landing  height  of  the  fluid  above  the  part  confidcred  : 
but  the  weight  incumbent  on  the  bucket,  or  moving  valve 
of  a pump,  in  action,  is  nearly  proportionable  to  that  of  a 
column  of  w^ater  raifed.  For  though  the  pufli  of  the  at- 
mofphcre  on  the  furfacc  of  the  fpring,  when  the  bucket 
rifes  be  really  equal  to  the  weight  of  33  feet  of  water; 
yet  is  this  afliftance  counterbalanced  exadlly  by  the  weight 
of  the  atmofpherc,  ever  incumbent  on  the  furface  of  the 
water  thereby  raifed  : fo  that  all  the  advantage  to  be  ob- 
tained by,  or  cxpedlcd  from  hydraulic  machines,  or  engines 
to  raife  water,  as  well  indeed  as  from  all  other  pieces  of  me- 
chanifm  whatever,  is  only  the  putting  matters  into  a con- 
venient method  of  being  executed,  and  the  pertormance 
depends  on  the  moving  power  entirely,  under  the  difad- 
\antagc  of  fritftion  always  againft  it. 
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Of  the  Dljpoftlon  of  Piwtp  JVorh. 

A Pump  therefore  intended  to  raife  water  to  any  height 
whatever,  will  always  work  as  cafy,  and  require  no  greater 
power  to  give  motion  to  the  bucket,  if  both  the  valves 
be  placed  towards  the  bottom  of  the  pipe,  than  if  they 
-were  fixed  33  feet  above  the  furface  of  the  water. 

The  playing  of  the  pifton  thus  low  in  the  pipe,  will 
hefides  prevent  an  inconvenience  which  might  happen, 
was  it  placed  above,  viz.  in  cafe  of  a leak  beneath  the 
bucket,  which,  in  a great  length  of  pipe,  may  very  eafily 
happen,  the  outward  air  getting  through,  would  hinder 
thenecedary  rarefadion  of  the  air  in  the  barrel,  on  moving 
the  pifton  ; and  confequently  the  pump  might  fail  in  its 
operation.  This  can  only  effeclually  be  prevented  by 
placing  the  pump  work  in  or  near  the  water.  In  which 
cafe,  ftiould  any  leak  happen  upward,  it  vvill  only  occa- 
fton  the  lofs  of  fome  of  the  water,  without  any  other 
inconvenience.  And  the  leather  valves  being  thus  kept 
under  water,  will  always  be  found  fupple,  pliant,  and  in 
a fit  condition  to  perform  their  office. 

It  may  indeed  be  here  objecleft,  that  the  fpecific  weight 
of  the  iron  rod,  to  which  the  bucket  is  fixed,  will  be  an 
incumbrance  to  the  working  of  the  pump ; but  if  it  be  made 
of  oak,  when  well  foaked,  it  will  be  nearly  of  the  fame 
fpecific  weight  with  water,  and  fo  no  burden  on  the  mov- 
ing power,  when  the  ftroke  is  fetched. 

Placing  the  pump- work,  that  is  the  valve  and  pifton, 
pretty  low  and  near  together,  will  alfo  prevent  the  incon- 
venience 
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venience  of  oiir  not  being  aWe  in  all  cafes  to  fetch  up  \va» 
ter  from  the  fpring,  by  the  ordinary  pump,  when  of  an 
equal  bore,  by  reafon  of  the  fhorinefs  of  the  flroke,  which 
therefore  cannot  rarefy  the  air  fufficiently  to  bring  the  Wa- 
ter up  to  the  piflon  trorn  the  lower  valve.  Por  inflance: 
take  a fmooth  barrelled  pump,  21  feet  long,  having  its 
pifton  fetching  fuppofe  a foot  ftroke,  placed  above,  and  the 
clack  or  fixed  valve  at  the  other  end  below.  By  the  playing 
of  the  pifton,  admit  it  poilible  for  water  to  rife  ii  feet,  or 
if  you  will,  let  water  be  poured  on  the  clack,  to  the  height 
of  II  feet;  and  refit  the  piflon.  There  will  remain  ftill 
9 feet  of  air  between  it  and  the  water,  which  cannot  be 
fufficiently  rarefied  by  a foot  firoke,  to  open  the  clack, 
or  fetch  up  more  water : for  in  this  cafe  the  air  can  only  be 
rarefied  in  the  prop^tion  of  9 to  10  ; whereas,  to  make  a 
bare  equilibrium  with  the  atmofphere,  it  ought  to  be  as  9 to 
13I : fince,  as  22  or  the  complement  of  ii,  to  33  feet  of 
•water,  the  weight  of  the  whole  atmofphere,  is  to  33  feet 
or  the  atmofphere  ; fo  is  the  interval  fpoken  of,  9 to  13^; 
to  compleat  which  the  flroke  ought  to  be  at  leaft  4^  feet 
long. 

"However,  by  filling  the  whole  void  between  the  piflon 
and  clack  at  firfl  with  water,  this  laft  objection  might  be 
removed. 


Of  the  Difpofttlon  of  Pipes  of  Conduit. 

In  fome  cafes  the  pump  cannot  be  placed  conveniently  per- 
pendicular to  the  well ; for  example,  being  to  raife  water  out 
of  the  w'ell  at  A by  means  of  a pump  at  B,  the  beft  way  will 
be  to  carry  the  barrel  as  low  as  the  fpring  is,  communicating 
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therewltli  by  means  of  the  pipe  at  C.  The  bucket  then 
playin"  in  the  barrel  B C will  have  the  fame  effe£I,  as  if 
the  well  was  made  perpendicular  to  the  pump  ; becaufe  the 
water,  by  its  proper  weipht,  will  always  replenilh  B C, 
through  A,  to  the  level  of  the  well  water  at  F, 

And  if  it  fliould  happen,  from  fome  confidcrable  impe- 
diment, that  the  barrel  cannot  go  down  to  the  well  di- 
rcTly,  it  may  be  led  about  any  other  way  for  fake  of  con- 
venience. And  then  making  the  pipe  of  conveyance  E,  Icfs 
in  diameter  than  the  barrel,  it  wall  fooncr  beexhaufted  of 
air,  by  moving  the  piflon,  and  the  water  will  follow  very 
brifkiy,  as  by  the  leaden  pump  at  D. 

It  will,  however,  alw^ays  be  more  eafy  to  draw  water 
w ith  pipes  that  are  large,  and  of  an  equal  bore  throughout  ; 

' becaufe  the  water  will  have  a lefs  velocity  in  them,  and  the 
■fridtion  will  be  in  proportion  Icis.  Upon  this  account  the 
pumps  ordinarily  made  by  the  plumbers,  go  not  fo  eafy  as 
thofe  bored  out  of  trees  ; becaufe,  by  making  their  pipe  that 
brings  up  water  from  the  fpring  fo  much  lefs  than  the 
bucket,  tlicy,  as  it  were,  wire-draw'  tlie  W'ater  raifed.  If 
■the  barrel,  for  inftance,  be  four  inches  in  diameter,  and  the 
•pipe  of  conduit  one,  it  will  in  lifing  move  fixteen  times  as 
fafl  through  this  as  it  wall  in  that,  to  the  expence  of  need- 
lefs  labour,  as  w ell  as  the  great  wear  and  fridlion  of  the 
machine. 

For  the  like  reafon  it  will  alfo  be  a fault  to  bore  a pump 
conically  upward,  becaufe  the  water  cannot  with  freedom 
get  away  fo  fafl,  as  a vacuum  may  be  made  in  the  moving 
piflon  ; and  the  rcfleaion  of  the  w'ater  from  the  fides,  will 
always  be  a hindrance  to  the  operation. 
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In  pra«il;ice,  however,  it  is  generally  obferved,  that  llich 
leaden  pumps  as  work  pleafantly,  and  are  light  upon  the 
hand,  have  the  water-way  in  the  lucking  pipe  nearly  equal 
to  I -fourth  of  the  area  of  the  barrel ; and  accordingly  an 
inch  and  half  pipe  will  pretty  well  fupply  a three  inch  bar- 
rel ; and  a four  inch  barrel  Ihould  liave  a leading  pipe  nearly 
two  inches  in  diameter. 


Of  the  Lifting  Pump. 

THEflru£lure  of  the  lifting  pump  differs  from  that  of  Fig.  4. 
the  fucking  pump  in  nothing  but  the  difpofition.  As  that 
has  its  fixed  valve  below,  and  the  moveable  one  above,  in 
the  barrel  A B,  (Fig.  i.)  this  is  juft  the  contrary,  as  C and 
D.  As  the  bucket  or  pifton  of  that  is  moved  by  a rod 
within  the  bore  of  the  pipe,  this  is  fo  by  means  of  a ftrong 
frame  fixed  to  a rod  without  at  E.  As  in  that,  it  is  of  ad- 
vantage, for  fear  of  a leak,  to  have  the  pump  work,  if 
poftible,  in  or  near  the  fourcc  of  water;  this  in  practice  is 
commonly  fo  done,  and  for  that  reafon  is  very  feldom  fub- 
je<ft  to  any  failure  in  its  performance.  An  elbow  in  this 
kind  of  pump,  to  lead  the  lifted  water  clear  of  the  play- 
ing of  the  rod,  which  of  neceffity  muft  move  perpendicu- 
larly, is  unavoidable.  The  fri£lion  occafioned  hereby  will 
however  always  be  lefs  the  nearer  this  bend  comes  to  a 
ftraight  line. 

From  the  name  and  ftriuSlure  of  this  machine, 'it  may  be 
imagined,  perhaps,  that  the  air’s  prefilire  is  not  of  equal 
fervice  to  this  kind  of  pump,  as  to  the  former ; but  it  is 
quite  oiherwife.  For  if  both  valves  be  not  perfcftly  air 
tight,  tvater  cannot  be  well  railed  thereby ; but  in  cafe 

neiilier 


\ 


176 


AN  INTRODUCTION  TO 


neither  of  them  is  defeftive,  water  will  be  raifed  to  very 
good  purpofe,  by  much  the  fame  kind  of  procefs  as  that  of 
the  fucking  pump,  before  explained.  Nor  is  there  any  ■ 
doubt  but  that  if  too  machines,  a fucking  and  a lifting 
pump,  were  made  of  equal  bores,  wrought  with  cqtial 
force  and  were  in  every  circumftancc  alike,  they  would 
be  found  of  equal  fervice  in  raifing  water. 


On  the  Forcing  Pump. 

5-  THIS  pump  confifls  of  a barrel  A B,  a piflon  or 
forcer  C,  leathered  upwards,  that  it  may  withfland  the 
prefTure  of  the  atmofphere  from  above,  that  fo  by  fuck- 
ing, when  raifed,  it  may  bring  up  the  water  to  fupply  the 
barrel;  and  ’tis  alfo  leathered  downwards,  that,  when  re- 
preifed,  it  may  reiill  the  weight  of  the  water  to  be  forced  up, 
or  raifed  for  ufc.  There  are  always  two  fixed  valves  in  this 
kind  of  pump;  one  in  fome  convenient  part  of  the  fucking 
pipe,  as  at  D,  the  other  in  the  branching  or  forcing  pipe, 
as  E.  Thefe  ought  in  like  manner  to  be  air  tight,  and  fe 
difpofed  as  to  let  the  water  freely  rife,  but  are  abfolutcly 
, to  hinder  its  return. 

When  the  forcer  is  flrft  moved  upwards  in  the  barrel,  the 
air  between  that  and  the  water  below,  having  room  to  dilate, 
^ by  its  natural  fpring,  will  of  courfe  be  rarefied  therein  ; the 
prefTure  of  the  atmofphere  then  being  intercepted  by  the 
force  of  the  barrel  A B on  one  hand,  and  by  the  upper  valve 
at  E in  the  branching  pipe  on  the  other,  the  water  will 
rife  from  the  fpring  into  A B,  fbr  the  reafon  already 
given:  and  repeated  flrokes  of  the  piflon  will  fetch  up  the 
fluid  to  the  forcer,  and  at  length  fill  the  cavity  of  the 
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pipes  between  the  fixed  valves  D and  E.  This  done,  tlie 
water  in  this  manner  fucceflively  raifed,  being  hindered 
from  going  down  again  by  the  lower  valve,  w'ill  be  prefled 
by  the  forcer  every  time  it  defeends,  and  be  thereby  obliged 
to  make  its  w'ay  where  the  leafl;  reliftance  is,  viz.  through 
the  upper  valve  at  E.  And  whenever  on  the  rifing  of  the 
forcer,  this  prelfure  intermits,  the  valve  at  E '\Vill  imme- 
diately clofe  under  the  weight  of  the  upper  water,  and  pre- 
vents its  return  that  way,  while  the  pihon  is  rifing  with  a 
frelh  fupply ; and  this  is  repeated  at  every  ftroke  of  the 
forcer. 


Def&iptmi  of  d Pump  hwented  by  M.  de  la  Hire,  'Which 
raifes  Water  equally  quick  by  the  Defcent  as  by  the  AJeent  of 
the  Pijlm  in  the  Punip-barrel. 

A A IS  z well  in  which  the  lower  ends  of  the  pipes  B 
and  C are  placed.  D is  the  pump  barrel,  into  the  lower- 
mofl:  end  of  which  the  top  of  the  open  pipe  B is  foldered, 
and  in  the  uppennoft  end  the  hollow  pipe  S is  foldered, 
which  opens  into  the  barrel,  and  the  top  of  the  pipe  C is 
foldered  into  that  piece.  Each  of  thefe  pipes  has  a valve 
on  its  top,  and  fo  have  the  crooked  pipes  E and  F,  whofe 
lower  ends  are  open  into  the  piimp  barrel,  and  their  upper 
ends  into  the  box  G. 

M is  the  pump  handle,  its  center  of  motion  is  at  I ; and 
as  it  is  moved  up  and  down,  it  moves  the  folid  plunger  K 
up  and  down  in  the  barrel,  by  the  firaight  rod  or  fpear  L, 
which  moves  air-tight  in  a long  collar  of  leather  in  the 
neck  M ; and  the  plunger  never  goes  higher  than  K,  nor 
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lower  than  D ; fo  that  from  K to  D is  tlie  length  of  tlic 
Ifrokc. 

As  the  plunger  rifes  from  D to  K,  the  atmofpherc  fpref- 
fuiff  on  the  furface  of  the  w'ater  A A in  the  well)  forces  the 
water  up  the  pipe  B,  through  the  valve  b,  and  fills  the 
pump  barrel  with  water  up  to  the  plunger  ; and  during  this 
time,  the  valves  e and  S lie  clofe  and  air-tight  on  the  tops 
of  the  pipes  E and  C. 

When  the  plunger  is  up  to  its  grcatcfl  height  at  K,  it 
flops  there  for  an  inflant,  and  in  that  inflant  the  valve  b 
falls,  and  flops  the  pipe  B at  top.  Then,  as  the  plunger  goes 
down,  it  cannot  force  the  water  between  K and  D back 
through  the  clofe  valve  b,  but  forces  all  that  water  up 
through  the  crooked  pipe  E through  the  valve  c,  which 
then  opens  upward  by  the  force  of  the  water  ; and  this  wa- 
ter, after  having  filled  the  box.  G,  rifes  into  the  pipe  N, 
and  runs  off  by  thefpout  at  O. 

During  the  defeent  of  tlie  plunger  K,  the  valve  f falls 
down,  and  covers  the  top  of  the  crooked  pipe  F ; and  the 
prell'ureof  the  atmofphere  on  the  well  A A forces  the  water 
up  the  pipe  C,  through  the  valve  S,  which  then  opens  up- 
ward by  the  force  of  the  afeending  water ; and  this  water 
runs  from  S into  the  pump  barrel,  and  fills  all  the  fpace  in 
it  above  the  plunger. 

When  the  plunger  is  down  to  its  lowefl  defeent  at  D, 
and  flops  there  for  an  inflant,  in  that  inflant  the  valve  S falls 
down,  and  fliuts  the  top  of  the  pipe  C : and  then,  as  the 
plunger  is  railed,  it  cannot  force  the  water  above  it,  back 
through  the  valve  S,  but  drives  all  that  water  up  to  the 
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rrookecl  pipe  F,  through  the  valve  f,  which  opens  upward 
by  the  force  of  the  afeending  water,  which  water  after 
filling  the  box  G,  is  forced  up  from  thence  into  the  pipe 
N,  and  runs  olF  by  the  fpout  at  O. 

And  thus  as  the  plunger  defeends,  it  forces  the  w^ater  be- 
low it  up  the  pipe  E ; and  as  it  afeends,  it  forces  the  water 
above  it  up  the  pipe  F,  the  prefTure  of  the  atmofphere  fill- 
ing the  pump  barrel  below  the  plunger  through  the  pipe  B 
while  the  plunger  afeends,  and  filling  the  barrel  wdth  water 
above  the  plunger,  through  the  pipe  C,  as  the  plunger 
goes  down. 

And  thus  there  is  as  much  water  forced  up  the  pipe  N to 
the  fpout  O by  the  defeent  of  the  plunger,  as  by  its  afeent ; 
and,  in  each  cafe,  as  much  water  difeharged  at  O as  fills 
that  part  of  the  pump  barrel  as  the  plunger  moves  up 
and  down  in. 

On  the  top  of  the  pipe  O is  a clofe  air  vefTel  P.  When 
the  water  is  forced  up  above  the  fpout  O it  comprefies  the 
air  in  the  veflel  P ; and  this  air,  by  the  force  of  its  fpring 
adling  on  the  water,  caufes  the  water  to  run  off  by  the 
fpout  O in  a conftant  and  (very  nearly)  equal  dream. 

Whatever  the  height  of  the  fpout  O be  above  the  furfaee 
of  the  well,  the  top  S of  the  pipe  C mufl  not  be  32  feet 
above  that  furfaee  ; becaufe  if  that  pipe  could  be  entirely  ex- 
liaufted  of  air,  the  prefTure  ot  the  atmofphere  in  the  well 
would  not  force  the  water  up  the  pipe  to  a greater  height 
than  32  feet.  And  if  Sbe  within  24  feet  of  the  furfaee  of 
the  well,  the  pump  will  be  fo  much  the  better. 
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As  the  collar  of  leathers  within  the  neck  M is  apt  to 
dry  and  Ikrink  when  the  pump  is  not  uled,  and  confc- 
quently  to  let  air  get  into  the  pump  barrel,  which  would 
flop  the  operation  of  the  atmofpherein  the  pipe  C ; I think 
collars  of  old  hats  might  be  ufed  inflead  of  leathers,  as  they 
would  not  be  liable  to  that  inconvenience. 

It  matters  little  wljat  the  fize  of  the  pipe  N be,  through 
which  the  water  is  forced  up  to  the  fpout : but  a great  deal 
depends  on  the  fize  of  the  pump  barrel,  and  according  to 
the  height  of  the  fpout  (3  abo'>e  the  lurface  of  the  well, 
the  diameter  of  the  bore  of  the  barrel  fhould  be  as  follows  : 

For  lofcet  high  the  bore  fiiould  be 6.  q inches;  for  15 
feet  5,  6 ; for  20  feet  4.  9 ; for  25  feet  4.  4 ; for  30  feet  4.  o; 
for  35  feet  3.  7 ; for  40  feet  3.  5 ; for  45  feet  3.  3 ; for  50 

feet  3.  I ; for  55  feet  2.  9 ; for  60  feet  2.  8 ; for  65  feet  2.  7 ; 

for  70  feet  2.  6 ; for  75  feet  2.  5 ; for  80  feet  2,  5 will  do ; 

for  85  feet  2.  4 ; for  90  feet  2.  3 ; for  95  feet  2.  2 ; and  for 

100  feet  the  diameter  of  the  bore  fhould  not  exceed  2.  i 
or  2.  2 inches  at  inoft.  If  thefe  proportions  are  attended 
to,  a man  of  common  flrength  may  raife  water  100  feet  high 
by  one  pump  as  eafily  as  he  could  raife  it  10  feet  high  by 
another. 

In  this  pump  the  pipes  E and  C feem  to  be  rather  too 
fmall,  which  will  caufe  the  water  rifing  in  them  to  have 
a great  deal  of  fri£lion  from  the  quicknefs  of  its  motion : 
and  whoever  makes  fuch  a pump,  will  find  it  very  difficult 
to  make  the  leathers  in  the  neck  M water  tight,  fo  as  that 

no  water  fhall  be  forced  out  that  way  when  the  piflon  is 
drawn  up. 


Anathcr 


HVDRAl^IJOS 


fJjAtb  :zl 


USEFUL  KNOWLEDGE 


iSi 


Anstkt'r  Pump  on  a more  fimple  Co.nJiru6lton,  invented  hy  Mr, 

Noble. 

THIS  pump  deferves  notice,  as  it  keeps  a continual  Plate  XL 
ftream  j being  compofed  only  of  one  firaight  pipe,  or  tube, 
and  two  piftons,  having  each  a bucket  and  a valve  ; it  raifes 
as  much  water  with  the  fame  power  and  in  the  fame  time 
as  two  barrels  with  four  valves  will  do ; and  being  fimple 
in  its  principles,  may  be  conftru^ed  reafonable,  compared 
with  M.  de  la  Hire’s  pump. 

A is  a {freight  tube,  or  barrel,  in  which  two  buckets 
work ; the  bucket  B,  is  worked  by  the  rod  C,  and  the 
bucket  D is  wmrked  by  the  rod  E ; wkich  rod  goes  through 
a hole  in  the  bucket  B,  and  is  moved  up  and  down  by  two 
circular  pieces  of  wood  F,  fixed  to  two  handles  g,  g, 
which  caufes  one  bucket  to  afcend  with  its  load  and  fo  vifa 
verja. 


An  Engine  for  raifing  PFater  hy  a continual  Stream,  hy  means 
of  a hair  Rope,  invented  hy  Sieur  Fera. 

A,  is  a wheel  4 foot  over,  having  an  axis  and  a w’inch  ; 
B B,  two  pullies  fourteen  inches  diameter,  in  order  to  keep 
the  ropes  to  a proper  diftance  in  the  well,  and  be  in  contadf 
with  a greater  furfacc  of  the  wheel ; C C,  a hair  rope  near 
one  inch  diameter  ; D,  a refervoir  to  colledl  the  water ; E, 
a fpout  to  convey  the  water  from  the  refervoir  ; F,  the  top  of 
the  well ; G,  the  furfacc  of  the  water  in  the  well;  H,  a 
frame  in  which  the  lower  pulley  I is  fixed  ; I,  a pulley  un- 
der 
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der  which  the  rope  runs,  in  order  to  keep  it  tight ; K,  the 
handle  to  turn  the  wlieel ; L,  L,  L,  a box  made  of  thin 
boards,  in  order  to  colledl  the  water  into  tlie  refervoir  D. 

When  the  handle  K is  turned  about  with  a confiderablc 
velocity,  the  water,  which  adheres  to  the  rope  C C,  (in 
wells  not  very  deep)  is  very  confiderablc ; the  rope  thus 
pafies  through  the  tube  D,  which,  being  5 or  6 inches 
higher  than  the  bottom  of  the  refervoir,  hinders  the  water 
from  returning  back  into  the  well,  and  is  conveyed  in  a 
continual  dream  through  the  fpout  E.  I have  feen  fome 
of  the  above  engines  improved  by  Mr.  Stamford,  which  have 
raifed  a greater  quantity  of  water  than  any  perfon,  unfkilled 
in  hydraulics,  could  fiippofe  in  the  fame  time,  from  fuch  a 
fimplc  contrivance. 


An  Engine  to  ratjc  IVater  hy  Fire. 

The  Marquis  of  Worceder,  in  his  Century  of  Inventions^ 
(printed  A.  D.  1663)  was  the  fird  who  propofed  raifing 
great  quantities  of  water  by  the  force  of  fire,  turning  water 
into  deara  ; and  he  mentions  fome  engine  of  this  kind, 
which  he  faw,  which  played  a continual  dream  in  the  man- 
ner of  a fountain,  40  feet  high.  He  alfo  fays,  that  a per- 
fon attending  it,  turned  two  cocks  ; that  one  vedel  of  w'ater 
being  confumed,  another  begins  to  force  and  refill  with  cold 
water;  and  this  alternately  and  fucceffively,  the  fire  being 
attended  and  kept  as  equal  as  podible. 

Captain  Savery,  having  read  this  account,  immediately 
attempted  to  raife  water  by  fire,  and  was  the  fird  who  creel- 
ed an  engine  for  this  purpofe',  of  the  form  we  have  fince  had 
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them.  To  fecure  the  invention  to  himfelf,  he  bought  up 
all  the  marquis's  books  that  he  could  find,  and  burnt  them  i 
and  then  gave  it  out  that  he  difcovered  the  method  by  acci- 
dent. He  made  many  experiments  to  bring  the  machine  to 
perfcdion,  and  erc£led  feveral  for  gentlemen’s  feats,  but 
could  not  fucceed  for  mines,  the  depth  from  wdiich  water 
was  to  be  raifed  from  thence,  being  fo  great,  that  it  required 
the  ftcam  too  dangeroufly  flrong  to  be  attempted  in  his 
way. 

Thus  the  progrefs  of  the  engine  was  flopped,  till  long 
afterwards  Mr.  Newcomen,  an  ironmonger,  and  Mr.  John 
Cawley,  a glazier,  contrived  another  way  to  raife  water  by 
fire,  where  the  fteam  to  raife  the  water  from' the  greateft 
depths  of  mines,  is  not  required  greater  than  the  prelTure  of 
the  atmofphere ; and  this  is  the  prefent  ftrudlure  of  the  com- 
mon engine,  and  which  is  now  of  about  8o  yeats  (landing. 


References  to  the  common  Fire  Engine, 

A the  boiler. 

B the  cylinder. 

C the  injedion  Cock. 

D the  fleam  cock,  or  regulator. 

I 

E the  fnifting  Clack.  , 

F the  edudion  pipe,  or  finking  pipe. 
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G the  cduilion  valve. 

H the  fafety  valVc. 

I the  pifton. 

K the  lever  beam. 

L Weights  to  counterpolfe  the  pifton,  and  to  prefs  the 
forcer  down  In  the  pump  barrel  M,  to  drive  the  water 
through  the  pipe  or  fpout  N. 

O a ciftern  to  hold  the  inje£lion  water. 

P an  air  velfel  to  hinder  the  pipe  N from  burning,  and 
keep  a regular  ftream. 

A Is  a copper  velfel,  partly  filled  with  water  to  d e,  which 
being  fet  over  a fire  and  made  to  boil,  will  fill  the  upper 
part  A D with  a vafUy  elaftic  vapour,  the  fufficient  ftrengtli 
whereof  is  known  by  its  forcing  open  a valve  at  H : this 
heated  clafllc  fleam  is,  by  turning  a cock  at  D,  let  into  the 
barrel  B,  where  by  its  elaflic  force  it  raifes  the  piflon  I 
which  drives  the  air  above  it  through  a proper  clack  at  the 
top.  After  this,  that  the  piflon  may  by  its  weight  defeend, 
a little  cold  water  from  the  ciflern  O,  is  let  in  at  the  bottom, 
by  turning  a cock  at  C,  which,  in  form  of  a jet,  condenfes 
the  hot  fleam  in  the  barrel,,  into  13000  times  lefs  fpace 
than  it  took  up  before,  which  makes  a fufficient  ’va- 
cuum for  the  piflon  to  defeend  in.  The  piflon  I and  lever 
K,  being  thus  put  into  motion,  do  accordingly  raife  and 
deprefs  the  piflon  a,  in  the  barrel  IVI  of  the  forcing  pump, 
on  the  other  fide;  which  by  the  pipe  O,  draws  the  water 
from  the  depth  W,  and  forces  it  to  rife  and  fix)ut  through 
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the  tube  N,  continued  to  any  height  at  pleafiire.  This 
engine  is  uled  to  draw  the  water  from  coal  pits  and  other 
mines.  There  are  various  other  engines  of  a more  com- 
plex llru6lure  ; but  as  they  ad  upon  the  fame  common 
principle,  it  is  needlefs  to  fay  any  thing  more  of  them 
here. 

The  only  improvement  that  has  been  riiade  in  the  fife 
engine  for  thirty  years  pall,  the  public  will  very  ju%  at- 
tribute to  the  fagacity  of  Mr.  Watt,  whofe  flcill  in  pneu- 
matics, mechanics,  and  hydraulics,  is  evinced  by  the  pow- 
erful application  of  elaflic  vapour,  and  by  making  a more 
perfea  vacuum,  nearly  like  that  of  the  barometer,  in  his 
new  conftruaed  fire  engine. 

But  before  I can  explain  Mr.  Watt’s  engines,  it  is  ne- 
cedary  to  premife  a fliort  account  of  the  imperfeaions  of 
the  common  fteam  engines,  and  their  caufes. 

The  fleam  or  vapour,  which  arifes  from  water  confined 
in  a clofe  veflel,  and  heated  a few  degrees  above  the  point 
at  which  it  boils  in  the  open  air,  becomes  an  elaflic  fluid, 
uniform  and  tranfparent,  about  half  the  gravity  of  atmof- 
pheric  air,  very  much  greater  in  bulk  than  the  water  of 
which  it  is  compofed,  and  capable  of  being  again  reduced 
to  water,  when  brought  into  conta(fl;  with  matter  of  a lefs 
degree  of  heat  than  itfclf. 

\. 

The  preffure  of  the  atmofphere  or  any  equivalent  refin- 
ance, prevents  the  produdion  of  fleam,  until  the  water  be 
heated  to  212  degrees  of  Fahrenheits  thermometer,  but 
when  that  preffure  is  removed,  or  the  water  placed  in  a 
vellcl  exhaufted  of  air,  fleam  is  produced  from  it,  when  it  is 
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colder  .than  the  human  blood.  On  the  contrary,  if  water 
be  prcfTed  upon  by  air  or  fleam,  which  arc  more  comprefTed 
than  the  atmofphere,  a degree  ot  heat  above  212  degrees  is 
nccefTary  for  the  prodiuSlion  of  fleam  ; and  the  difference  of 
heats,  at  which  water  boils  under  different  preffures,  in- 
creafes  in  a lefs  proportion  than  the  preffures  themfelves  ; 
fo  that  a double  preffure  requires  lefs  than  a double  increafe 
of  fenfible  heat. 

The  experiments  which  have  been  publifhed  concerning 
the  bulk  of  water,  when  converted  into  fleam  are  errone- 
ous, and  the  conclufions  drawn  from  them  make  that  bulk 
greater  than  it  really  is.  It  has  been  known  for  fomc  time 
that  water  would  boil  in  an  exhauflcd  receiver  at  a low  de- 
gree of  heat. 

If  wc  confider  the  common  fleam  engine,  we  fhall  find 
it  defedlive ; firfl,  bccaufe  the  vacuum  is  produced  by 
throwing  cold  water  Into  tlie  cylinder  to  condenfe  the  fleam  ; 
that  water  becomes  hot,  and,  being  in  a veffel  partially  ex- 
naufled,  produces  a fleam,  which  in  part  rcfifls  the  preffure 
of  the  atmofphere  upon  the  piflon,  and  leffens  the  power  of 
the  engine.  The  fecond  defedt  is  the  deflrudlion  of  fleam, 
which  unavoidably  happens  upon  attempting  to  fill  a cold 
cylinder  with  that  fluid  ; for  the  injedlion  water,  at  the  fame 
time  that  it  condenfes  the  fleam,  not  only  cools  the  cylinder, 
but  remains  there,  until  it  be  extruded  at  the  edudlion  pipe, 
by  the  fleam  which  is  let  in  to  fill  the  cylinder  for  the  next 
flroke  : and  that  fleam  will  be  condenfed  into  water  as  faft 

. ft 

as  It  enters,  until  all^the  matter  it  comes  in  contadl  with,  be 
nearly  as  hot  as  itfelf. 
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Every  attempt  to  make  the  vacuum  more  perfect  by  the 
! addition  of  injeftion  water,  will  cool  the  cylinder  more 
‘ cffcdliially,  and  caufc  a greater  deltriidlion  of  Iteam  in  the 
I next  filling  ; and  if  the  engine  has  already  a proper  load, 

I the  dellrudlion  of  llcam  will  proceed  in  a greater  ratio, 
j than  the  increafe  of  power  by  the  amendment  of  the 
vacuum. 

Though  it  appears  that  the  conftru6tors  of  fteam  engines 
have  never  invelligated  thefe  caufes  ; yet  they  have  been  lo 
fenfible  of  the  effe£ls,  that  a judicious  engineer  docs  not  at- 
tempt to  load  his  engine  wdth  a column  of  water,  heavier 
than  feven  pounds  for  each  fquare  inch  of  the  area,  of  the 
pifion. 

Mr.  Watt’s  improvement  is  founded  upon  thefe,  and  fome 
other  collateral  obfervations.  He  preferves  an  uniform 
heat  in  the  cylinder  of  his  engines,  by  fufferingno  cold  wa- 
ter to  touch  it,  and  by  protecting  it  from  the  air  or  other 
cold  bodies,  by  a furrounding  cafe  filled  with  the  ffeara,  or 
with  hot  air  or  water,  and  by  coating  it  over  w'ith  fub- 
ffanccs  that  tranfmit  heat  flowly.  He  makes  his  vacuum 
to  approacli  nearly  to  that  of  the  barometer,  by  condenfing 
the  llcam  in  a feparate  velfel,  called  the  condenfer,  which 
may  be  cooled  at  plcafure  without  cooling  the  cylinder, 
either  by  an  injcHion  of  cold  water,  or  by  furrounding  the 
condenfer  with  it,  and  generally  by  both.  He  extraHs 
the  inje£lion  water  and  detached  air,  from  the  cylinder  or 
condenfer,  by  pumps  which  are  w'rought  by  the  engine  ir- 
felf,  or  he  blows  it  out  by  the  fleam.  As  the  entrance  of 
air  into  the  cylinder  would  flop  the  operation  of  the  en- 
gines, and  as  it  is  hardly  to  be  expe£led  that  fuch  enormous 
piflons,  as  thofe  of  fleam  engines,  can  move  up  and  d(J^^'n, 
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and  yet  be  abfolutely  air  tight  in  the  common  engines  ; a 
ftream  of  water  is  kept  always  running  upon  the  pifton, 
which  prevents  the  entry  of  the  air,  but  this  mode  of 
fecuring  the  pifton,  though  not  hurtful  in  the  common 
ones,  w'ould  be  highly  prejudicial  in  the  new  engines. 
Their  pifton  is  therefore  made  more  accurately ; and 
the  outward  cylinder  having  a lid  which  covers  it,  the 
Ream  is  introduced  above  the  pifton  ; and  when  a vacuum 
is  produced  under  it,  a£ts  upon  it  by  its  clafticity,  as  the 
atmofphere  does  upon  common  engines  by  its  gravity. 
This  way  of  working  effedually  excludes  the  air  from  the 
inner  cylinder,  and  gives  the  advantage  of  adding  to  thp 
power,  by  increafing  the  elafticity  of  the  fteam. 


References  to  the  new  improved  Fire  Engine. 

A the  boiler. 

B the  fafety  valve. 

C the  pipe  which  conveys  the  fteam  to  the  outer  cy- 
linder. 

D the  outer  cylinder, 

E the  inner  cylinder. 

F the  pifton.^ 

G the  valve  that  admits  the  fteam  from  the  outer  cylin- 
der into  the  inner  cylinder,  called  the  fteam  valve. 
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H the  valve  that  admits  the  Ileam  from  the  inner  cylinder 
into  the  condcnfer,  called  tlic  condenllng  valve. 

-t 

I the  condenfer. 

K the  injetSlion  valve  that  admits  a jet  of  cold  water  into 
the  condenfer  to  condenfethe  fleam. 

L the  air  pump  that  exhaufls  the  condenfer  both  of  air 
and  the  injedlion  water  that  is  let  in  every  flroke,  and  is 
fixed  under  water  in  the  condenfmg  back  M. 


N the  lever  beam. 

O the  great  water  pump  for  clearing  the  mines  or  railing 
water  for  other  ufes  through  the  pipe  P. 

The  internal  flruilure  of  the  new  engine  fo  much  re- 
fembles  the  common  ones,  that  I expe£l  thofe  who  know 
that  machine  will  underfland  this  from  the  following  de- 
fer! ption. 

The  cylinder,  the  great  beams,  the  pumps,  &c.  Hand  near- 
ly in  their  iifual  pofitions.  The  cylinder  is  fmaller  than 
ufual  in  proportion  to  the  load,  and  is  very  accurately  bored. 
In  the  mofl  compleat  engines,  it  is  furrounded  at  a fmall 
diftance  with  another  cylinder,  furnifhed  with  a bottom  and 
a lid.  The  interflice  between  the  cylinders,  communi- 
cates with  the  boiler  by  a large  pipe,  open  at  both  ends,  fo 
that  it  is  always  filled  with  fleam,  and  thereby  maintains  the 
inner  cylinder  always  of  the  fame  heat  with  the  fleam,  and 
prevents  any  condenfation  within  it,  'which  would  be  more 
(detrimental  than  an  etpual  condenfation  in  the  outer  one. 

The 
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The  inner  cylinder  has  a boltorn  and  piflon  as  ufual  ; and 
as  it  docs  not  reach  up  quite  to  the  lid  of  the  outer  cylinder, 
the  fteam  in  the  interftice  has  alvva  s free  accefs  to  the  upper 
fide  of  the  piflon.  The  lid  of  the  outer  cylinder  has  a hole 
in  its  middle  ; and  the  piflon  rod,  which  is  made  truly  cylin- 
drical, moves  up  and  down  through  that  hole,  which  is  kept 
tight  by  a collar  of  oakum  fereweddown  upon  it. 

At  the  bottom  of  the  inner  cylinder,  there  are  two 
regulating  valves,  one  of  which  admits  the  fleam  to  pafs 
from  the  interflice  into  the  inner  cylinder  below  the  piflon, 
or  fhuts  it  out  at  pleafure  ; the  other  opens  or  fhuts  the  end 
of  a pipe,  which  leads  to  the  condenfer.  The  condenftr 
confifls  of  one  or  more  pumps  furniflied  with  clacks  and 
buckets  (nearly  the  fame  as  in  common  pumps)  which  arc 
wrotight  by  chains  faftened  to  the  great  working  beam  of 
the  engine.  The  pipe,  which  comes  from  the  cylinder,  is 
joined  to  the  bottom  of  thefe  pumps,  and  the  whole  conden- 
fer Hands  immerfed  in  a ciflern  of  cold  water  lupplied  by  the  j 
engine.  The  place  of  this  ciflern  is  either  within  the  houfe 
under  the  floor,  between  the  cylinder  and  the  lever  wall  ; or 
without  the  houfe,  between  that  wall  and  the  entrine  lhaft. 
as  conveniency  may  require. 

The  condenfer  being  cxhaufled  of  air  by  blowing,  and 
both  the  cylinders  being  filled  with  fleam,  the  regulating 
valve  which  admits  the  fleam  into  the  inner  cylinder  is  fliut, 
and  the  other  regulator  which  communicates  with  the  con- 
denfer is  opened,  and  the  Hearn  rufhes  into  the  vacuum  of 
the  condenfer  with  violence  ; but  there  it  comes  into  con- 
tail  with  th^  cold  fides  of  the  pipe  and  pumps,  and  meets 
a jet  of  cold  water  wfiich  was  opened  at  the  fame  time  with 
the  exhauHion-regulator ; thefe  inHantiy  deprive  it  of  its' 

heat, 
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heat,  ami  reduce  it  to  water  ; and  the  vacuum  remainintr 
perfetft,  more  ileam  continues  to  rufh  in,  and  be  condenfcd 
until  the  the  inner  cylinder  is  exhaufted.  Then  the  Ileam 
which  is  above  the  pifton,  ceafing  to  be  counteradlcd  by 
that  which  was  below  it,  a£ls  upon  the  pifton  with  its 
whole  elafticity,  and  forces  it  to  defeend  to  the  bottom  of 
the  cylinder,  and  fo  raifes  the  buckets  of  the  pumps  which 
are  huns  to  the  other  end  of  the  beam.  The  exhauflion 
regulator  is  now  (hut,  and  the  fleam  one  opened  again, 
which  by  letting  in  the  (team,  allows  the  pifton  to  be  pulled 
up  by  the  fuperior  weight  of  the  pump  rods  ; and  fo  the  en- 
gine is  ready  for  another  flroke. 

The  working  of  thefe  engines  is  more  regular  and  (teady 
than  the  common  ones,  and  from  what  has  been  faid,  their 
other  advantages  are  apparently  very  confiderable  ; but  to 
fay  exa£tly  how  much  they  excel  common  engines,  is  diffi- 
cult, as  common  engines  differ  very  much  among  them- 
felves.  I am  told,  that  the  favings  amount  at  leaft  to  two 
thirds  of  the  fuel,  which  is  a very  confiderable  object;  where 
«oals  are  expenfive. 


OPTICS. 


O P 1'  I c s. 


As  the  fenfc  of  feeing  is  the  nobleft  fenfe  belonging  to 
an  animal,  without  whlcli  he  would  live  in  perpetual 
darknefs,  unable  to  perform  the  neceffary  excrcifes  of  life  ; 
and  fince  all  that  has  been  ilemonllrated  ofglall'cs,  and  will 
hereafter  be  deinonftratcd  of  all  optical  machines,  tend  on- 
ly to  this  Tingle  end,  to  help  and  improve  the  fenfe  of  fee- 
ing. And  fince  the  eye  is  the  organ  or  inllrument  by  which 
^yifion  is  performed;  it  is  by  nature  an  optical  inllrument, 
and  the  foundation  of  all  others,  and  therefore  it  cannot  be 
amifs  to  give  a fltort  defeription  thereof. 

Plate  XII.  A B C E is  the  eye,  its  figure  fpherical;  by  reafon  of 
which,  it  is  eafily  moved  any  way  in  its  focket.  The  fore- 
part at  A is  more  convex  than  the  refl.  It  is  contained  in 
three  membranes,  the  outermofl  is  the  Sclerotica;  the  fe- 
, cond  the  Tunica  choroulcs ; the  fore-part  of  it  is  called  the 
Iris,  which  confills  of  many  fibres  like  fo  many  radii.  The 
third  or  innermofl  is  called  the  Retina,  which  is  nothing 
buLthe  optic  nerve,  fpread  over  the  bottom  of  the  ey«. 

In  thefe  are  contained  the  three  humours  of  the  eye ; 
the  firll  is  H A I>  called  the  Aqueous  humour,  which  is  a 

thin 
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thin  liquor  like  water.  The  fecond  is  F G the  the  Chryf- 
lallhie,  in  form  of  a lens,  more  convex  behind  towards  C. 
Adjoining  to  this  is  the  third  K L called  the  Vitreous 
humour. 

The  chryftallinc  is  more  denfc  than  the  vitreous,  and  the 
vitreous  more  denfe  than  the  aqueous  humour,  and  all  to- 
gether make  a compound  lens,  which  refrafts  the  rays  of 
light,  ilRiing  from  an  obje£t  P R,  to  the  bottom  of  the  eye, 
and  there  paints  its  image  p r in  the  focus  upon  the  retina 
inverted. 

The  figure  of  the  aqueous  humour  is  a menifeus,  and  fo 
is  that  of  the  vitreous.  The  fore-part  of  the  fclerotica  is 
called  the  Cornea,  and  that  part  adjoining  to  it,  is  called  the 
fVhite  of  the  eye.  Within  the  cornea  is  a coat  called  the 
Uvea;  in  the  middle  of  this  is  a hole  O called  the  Pupil,  to 
let  in  tlie  rays  of  light.  And  the  pupil  is  contracted  or  dila- 
ted by  feveral  mufcular  fibres  in  the  uvea  or  iris,  according 
as  more  or  lels  light  falls  on  the  eye,  and  that  by  an  invo- 
luntary motion. 

D is  the  optic  nerv'e  going  from  the  retina  to  the  com- 
mon fenforium  in  the  brain,  where  thefe  images  are  per- 
ceived. This  is  not  in  the  middle  of  the  eye,  but  lies  nearer 
the  fide  E,  which  is  towards  the  nofe. 

Round  the  edge  of  the  chryftalline  F G is  a ring  of 
fibres,  by  help  of  which  the  diftance  A C is  made  longer 
or  fhorter,  in  order  to  bring  the  image  p r upon  the  retina, 
fordifiinCl  vifion.  And  perhaps  thefe  fibres  alfo  make  the 
chryftalline  more  or  lefs  convex  at  the  fame  time.  This  ring 
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of  fibres  is  called  the  Ligamentum  al'iare  ; atjd  its  back  part 
is  black,  to  ftiflc  the  rays  that  are  refleTed  upon  it. 

The  eye  is  moved  in  the  head  by  fcveral  mufcles  mferted 
in  the  fclcrotica,,  fo  that  it  may  be  quickly  direfted  to  any 
objc6I. 

If  the  image  of  an  objedl  does  not  fall  upon  the  retina 
at  p r,  the  vifion  will  be  confufed.  it  it  fall  Ihort,  or 
nearer  F.  G ; then  a concave  lens  that  makes  the  rays  more 
diverging  will  bring  them  to  the  retina.  This  is  the  cafe 
of  purblind  or  fhort-fighted  people,  who  are  forced  to  look 
very  near  an  objeft ; or  clfe  they  muft  ufe  concave  fpcc- 
tacles. 

If  the  rays  do  not  unite  till  they  get  beyond  the  retina,  as 
in  molt  old  people ; then  a common  convex  lens  of  a due 
force,  held  between  the  eye  and  the  obje£t,  will  make  them 
converge,  and  lall  upon  the  retina.  Therefore  long-fighted 
people  mult  ufe  convex  fpcdtacics. 

Although  the  image  is  painted  Inverted  In  the  eye,  yet 
we  judge  it  credt ; bfecaufe  we  always  find  it  fo  by  cuf- 
tom  and  experience* 

But  that  vifion  is  elFedted  In  this  manner,  may  be  de- 
monfirated  experimentally.  Take  a bullock’s  eye  while  it 
is  frelh,  and  having  cut  off  the  three  coats  from  the  back 
part,  quite  to  the  vitreous  humour,  put  a piece  of  white 
paper  over  that  part,  and  hold  the  eye  towards  any  bright 
objedl,  and  you  will  fee  an  inverted  pidlure  of  the  objedl 
upon  the  paper. 


Seeing 
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Seeing  the  Image  is  inverted,  many  have  wondered  why 
the  obje£l  appears  upright.  But  we  are  to  confider, 
I.  That  inverted  is  only  a relative  term;  and  2.  That 
there  is  a very  great  difference  between  the  real  object  and 
the  means  or  image  by  which  we  perceive  it.  When  all 
the  parts  of  a diftant  profpeft  arc  painted  upon  the  retina, 
they  are  all  right  with  refpeil  to  one  another,  as  well  as  the 
parts  of  the  profpect  itfelf ; and  we  can  only  judge  of  an 
obje£l’s  being  inverted,  when  it  is  turned  reverfe  to  its  na- 
tural pofition,  with  refpe£l  to  other  objects  which  we  fee 
and  compare  it  with.  If  wc  lay  hold  of  an  upright  flick  in 
the  dark,  we  can  tell  which  is  the  upper  or  lower  part  of  it, 
by  moving  our  hand  upward  or  downward  ; and  know  very 
well  that  we  cannot  feel  the  upper  end  by  moving  our  hand 
downward.  Juft  fo  we  find  by  experience,  that  upon  di- 
refling our  eyes  towards  a tall  objefl,  we  cannot  fee  Its  top 
by  turning  our  eyes  down  ward,  nor  its  foot  by  turning  our 
eyes  upward;  but  muft  trace  the  objefl  the  fame  way  by 
the  eye  to  fee  it  from  head  to  foot,  as  as  we  do  by  the  hand 
to  feel  it ; and  as  the  judgment  is  informed  by  the  motion, 
of  the  hand  in  one  cafe,  fo  it  is  alfo  by  the  motion  of  the 
eye  in  the  other. 

The  diameters  of  images  at  the  bottom  of  the  eye,  as 
p r,  arc  proportional  to  the  angles  which  the  objefls  fub- 
tepd  at  the  eye,  as  P O R ; the  fame  as  in  a lens  ; and 
are  reciprocally  as  the  diftances  of  the  fame  objcfl  viewed 
in  different  places. 

The  eye  is  in  reality  no  more  than  a camera  obfeura,  for 
the  rays  of  light  flowing  from  all  the  points  of  an  objcfl, 
through  the  pupil  of  the  eye,  do  by  the  refraflion  of  the 
humours  of  the  eye,  paint  the  image  thereof  in  the  bottom 
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ofthd  eye;  camera  obfeura,  wliere  all  tha 

rays  refra£lcd  by  a lens  in  the  winclow-lhut,  or  palling 
through  a'  fmall  hole  in  it,  paint  the  image  on  the  oppofitc 
wall.  Some  properties  ol  the  eye  arc  thcl'e  ; 

T'  . ' r 

ift}  .The  eye  can  only  fee  a very  fmall  part  of  an  objeifl 
dilhnd^y  at  .^nce.  For  the  collateral  parts  of  an  objeft  are 
not  reprefented  dlftinTly  in  the  eye  ; and  therefore  the  eye 
is,  foTC^l'tg,  turn  itfelf  fuccelTively  to  the  feveral  parts 
of  the  0bjer£t  it  wants,  to  view,  that  they  may  fall  near 
jthe  tjie  eye,  where  alone  diftinct  vilion  is  per- 

formed., • 

' , .)P./ 

2d.  When  any  point  of  an  objecl  is  feen  diflinilly  with 
both  eyes,  the  axis  of  both  eyes  are  direfted  to  that  point, 

, and  meet  there.  And  then  thc-obje£l  appears  fingle,  though 
looked  at  with  both  eyes.  For  the  optic  nerves  are  fo’ 
framed,  that  the  correfpondent  parts  in  both  eyes,  lead  to 
the  fame  place  in  the  brain,  and  give  but  one  fenfation ; 
and  the  image  will  be  twice  as  bright  with  both  eyes  as 
with  one.  But  if  the  axis  of  both  eyes  are  not  directed  tp 
the  objecfl,  that  objefl  will  appear  double,  as  the  pi£lure,s 
in  the  two  eyes  do  not  fall  upon  correfpondent  or  fiinilar 
parts  of  the  retina. 

i -'ll  ■ ■ > ' ft 

3d.  The  bell:  eye  can  hardly  diflinguilh  a particle  of  maV 
ter  that  fubtends  at  the  eye,  an  angle  lefs  than  half  a minute. 
And  very  few  can  diftinguifh  it  when  it  fubtends  a minute. 
IfthediRance  of  two  Rars  in  the  heavens  be  not  greater 
than  this,  they  will  appear  as  one. 

' < 

4th.  \oung  people  can-fee  nearer  hand  than  old  people-; 
for  as  men  grow  old  their,  eyes  grow  more  flat  ; and  to  cor- 
rect 
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refl  the  rays  of  light  at  the  retina,  the  objecSl  muft  be 
placed  further  off.  And  this  is  the  reafon  that  fhcrt-fjghted 
people,  as  they  grow  older,  fee  at  a greater  dilfanee. 

5th.  Though  men  may  fee  dlftinaiy  at  different  didances, 
hy  altering  the  pofition  and  figure  of  the  chrydalline,  yet 
they  can  only  fee  dirtinclly  within  certain  limits,  and  nearer 
than  that,  objeds  appear  confufed.  But  thefe  limits  are  not 
.^he.  lame  in  different  people.  A good  eye  can  fee  dldindly 
.when  the  rays  fall  parallel  upon  it;  and  then  the  principal 
focus  is  at  the  bottom  of  the  eye. 

6th.  -If- a good  eye  views  an  ebjeeff  at  the  lead  didance, 
it  can  be  feen  didinclly,  and  then  at  twice  that  didance,  and 
then  at  an  infinite  didance  ; there  is  about  the  fame  altera- 
.-tion  made  in  the  figure  of  the  eye,  between  the  two  lad  cafes, 
as  there  is  between  the  two  fird. 

7th.  If  a diort-fighted  perfon  can  fee  an  objeft  didinclly 
at  two  didances,  whereof  one  is  double  the  other ; as  great 
an  alteration  mud  be  made  in  the  figure  of  his  eyes  to  fee  it 
- at  an  infinite  didance,  as  there  was  made  for  the  fird  two  dif-  . 
tances,or  as  great  an  alteration  as  is  made  in  a good  eye  to  fee 

■ didindlly  irom  the  g'reater  didance  to  infinity.  And  there- 
fore a fhort-fighted  perfon  can  fee  didinclly  at  all  didances 
with  a fingle  concave  glafs,  of  a proper  figure.  And  hence 
the  caufc  of  diort-fightednefs  is  not  a want  of  power  to 

■ the  figure  of  the  eye  ; but  that  power  is  not  great 

enwigh  to  accommodate  it  to  all  didanccs,  taken  from  a 
point  fo  near  the  eye.  ' 


8th.  A man  can  judge  at  a fmall  didance  with  a fingle 
.eye,  by  frequently  obferving  how  much  variation  is  made 

'in 
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' in  the  e>'e  to  make  the  objcft  diitinft  ; and  from  this  a ha- 
bit of  judging  is  acquired.  But  this  cannot  be  done  at 
great  diftances,  becaufe,  though  the  didance  be  varied,  the 
change  in  the  eye  becomes  then  infenfiblc. 

9th.  But  a man  can  judge  of  greater  didanres  with  both 
eyes,  than  he  can  with  one  eye.  For  the  eyes  being  at  a 
didance  from  one  another,  as  long  as  that  didance  "has  a 
fenfible  proportion  to  the  didance  of  the  object,  one  gets  a 
habit  of  judging,  by  the  podtion  of  the  axis  of  the  eyes, 
which  are  always  diredled  to  that  point.  For  different  dif- 
tances require  different  pofitionsof  the  axis,  which  depends 
,on  the  motions  of  the  eyes  which  we  feel.  But  in  very 
great  didances,  no  judgment  can  be  made  from  the  motion 
of  the  eyes,  or  th^hr  internal  parts.  Therefore  we  can 
only  g.iefs  at  the  didances  from  the  magnitude,  colour,  and 
the  pofition  of  interjacent  bodies. 

Whatever  light  falls  upon  that  part  of  the  retina, 
where  the  optic  nerve  D fprings,  makes  no  impreffon;  and 
therefore,  if  the  pifture  of  an  objea  falls  thereon,  it  is  not 
perceived,  and  fo  that  objea  is  invifible.  This  will  appear 
by  placing  a fmall  bright  objea  before  you,  and  looking  at 
It  with  one  eye,  and  moving  one  eye  laterally  towards  the 
contrary  fide  (towards  the  left,  if  it  be  the  right  eye),  the 
objea  will  difappear,  and  feem  to  be  lod;  and  moving  it  dill 
further,  it  will  appear  again.  Now  this  place  is  not  at  the 
bottom  of  the  eye,  but  nearer  the  nofe  in  both  of  them  ; fo 
that  no  rays,  either  parallel  or  diverging,  that  come  from 
any  objea,  can  fall  upon  that  place  in  both  the  eyes ; fo 
that  any  objea  we  dirca  the  eyes  to,  wdll  always  be  vifible, 
at  lead  to  one  eye.  But  -the  fame  bright  objea  may  be 
made  to  difappear  to  both  eyes,  by  direaing  the  axis  of 

both 
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both  eyes  to  a point  a little  beyond  the  nofe,  to  be  found 
by  trials. 

nth-  Dimneis  of  light  generally  attends  old  people,  and 
tliis  may  arile  from  two  caul'es  ; i . by  the  eyes  growing 
Hat,  and  not  uniting  the  rays  at  the  retina,  which  caufes 
indilLnitnel’s  of  vifion ; or,  2.  by  the  opacity  of  the  hu- 
mours of  the  eye,  which  in  time  lofe  their  tranfparency  in 
fome  degree  ; from  whence  it  follows  that  a great  deal  of 
the  light  is  flopt  and  loll,  that  enters  the  eyej  and  every  ob- 
jeid  appears  faint  and  dim. 

12.  As  the  rays  of  light  flowing  from  an  ohjefl,  and 
painting  its  image  upon  the  retina,  are  the  immediate  caufe 
of  feeing  ; fo  where  there  is  no  light,  there  can  be  no 
vifion:  confequently  without  light,  the  eye  becomes  a 
machine  utterly  ufelefs;  as  it  can  give  us  • no  manner 
of  information  of  the  exiflence  of  bodies  at  a diflance 
from  us. 


DEFINITIONS. 

1.  /^PTICS  is  a fcicncc  which  teaciies  the  nature,  pro- 
perties,  and  laws  of  arifing  from  the  rays 

of  light,  cither  rcjieBed  from  the  furfaces  of  bodies,  or  re- 
fraBed  in  palling  through  them,  and  painting  the  images  of 
objedls  on  the  Retina  on  the  bottom  of  the  eye.  Alio  this 
fcience,  in  It’s  moll  extcnfive  acceptation,  comprehends 
the  whole  dodtrine  of  Light  and  Colours,  and  all  the  Phcc^ 
nomena  or  appearances  of  viftblc  ObjcBs.  Optics,  there- 
fore confifls  of  three  parts,  viz.  Catoptrics,  Dioptrics,  and 
Chromatics, 

2.  Catoptrics 
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2.  Catoptrics  is  that  part  which  treats  of  Ref  ex  Vifioji,  or 
all  that  relates  to  the  viewing  of  obj^s  by  light  reflected 
from  the  furfaces  of  bodies,  whether  plain,  convex,  coneax'e, 
or  otlierwife ; and  in  rays  diverging,  cotrverging,  or  parallel 
to  each  other. 

3.  Dioptrics  treats  of  the  properties  of  light  and  vifiorii 
ariling  from  rays  pafling  through  tranfparent  Aiedia  or  bo- 
dies, as  Air,  ff^ater,  Glafs,  Chryjial,  Diamond,  &^c. 

4.  Chromatics  treats  of  the  Colours  of  light  and  natn-ral 

botlies.  Of  this  part  Sir  IJaac  Nevjtons  optics  almoft 
entirely  confift.  ^ 

' 5.  Light  is  that  property  of  fomc  bodies  by  which  obje£ls 
are  rendered  vifible,  or  capable  of  beingyi-i?/?  by  the  eye.  It 
confifls  of  very  fmall  particles  which  ilTue  from  the  lumin- 
ous  body  in  ftraight  lines. 

6.  Rays  or  Beams  of  light,  are  thofc  ftreams  or  ema- 
nations of  light,  which  proceed  from  the  luminous  body, 
and  enlighten  or  illuminate  all  objedls  fo  that  they  may 
be  feen. 

7.  The  Radiant  is  that  body  or  object  which  emits,  or 
from  which  proceed,  the  rays  of  light  under  confideratioh 
at  any  time. 

8.  The  Species  of  an  obje6l  is  the  image  or  reprefenta- 
tion  thereof,  made  by  the  rays  of  light  in  the  Focus,  or 
place  where  they  unite. 


9.  Parallel 
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9,  Parallel  rays,  are  fiich  as  t^xocccA  equally  dijlant  from 
each  other  through  all  their  courle  ; as  thofe  from  the  Sun,  pjg  ^ 
ujkI  other  vallly  dillant  objects. 


10.  Converging  rays  are  fiich  as,  proceeding  from  a body, 
approach  nearer  and  nearer  together  in  their  progrefs,  tend- 
ing to  one  certain  point,  where  they  all  unite  ; thus  the  rays 
proceeding  from  the  objecl  A B to  the  point  F,  are  faid  to 
converge  towards  that  point. 


ir.  Diverging  rays  are  thofe,  which,  proceeding  from 
any  point,  as  A,  do  continually  recede  from  each  other  as 
they  pafs  along  in  their  courle  towards  B C. 


Fig.  4j 


12.  The  Focus  of  Pays  is  that  point  to  which  all  con- 
verging rays  tend,  and  in  which  they  unite  and  interfedt 
each  other ; as  the  point  F.  And  this  is  called  the  Peal 
Focus;  but 

13.  T\\&  Virtual  ox  imaginary  Focus,  is  a point,  as  f,  to 
which  the  rays  A B tend,  and  where  they  would  unite,  p;g, 
were  they  not  intercepted  by  the  obftacle  (fuppofe  a mir- 
rour)  C D ; by  which  means  they  are  turned  afule,  and 
made  to  converge  in  their  Peal  Focus  F. 

14..  PeJleSlion  of  rays  is  their  Pegrefs  or  Peturning  from 
the  fueface  of  fuch  bodies  on  which  they  fall,  and  cannot 
penetrate  or  enter.  Thus  the  ray  B C falling  on  the  fur- 
face  A U,  is  reflecled  or  turned  back  or  up  again  in  the 
direclion  C E. 


15.  The  Plane  of  Reflediion  Is  that  in  which  the  refledling 

point,  or  furface,  is  fiiuated,  as  A D and  ad.  Fig.  7,  8.  . 
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i6.  Mirrours  or  Sfecuiums  are  thofe  bodies  whofe  furfaces 
ate  fo  very  fmooth,  and  fine  polifiied,  as  to  be  impervious 
to  the  fays  of  light  which  fall  bn  them,  and  which 
therefore  they  refled  fo  entirely,  as  tbreprefcnt  the  Images  of 
Ohjefis  dppofed  to  themi  Thefe  are  generally  made  of  me- 
tal, or  glafs  polifiied  on  one  fide,  and  filvered  on  the  otherj 
and  are  eiihtx  plain,  ednvex,  or  concave t 

1 7.  Plain  Mirrours  are  thofe  whofe  futfaces  are  perfed 
Planes',  and  whofe  fedion  is  a Jlraight  Line,  as  A D.  Note, 
thefe  are  vulgarly  called  Liohng-GlnjfJes. 

18.  Convex  Mirrours  are  fuch  whofe  furfaces  do  every 
Way  equally  and  uniformly  rife  above  the  plane  of  theif 
bafes  or  lovveft  patts  ; the  fedion  of  which  fort  of  mirrouf 
is  a Curve,  either  Circular,  Elliptical,  Parabolical,  Or  //y- 
perbolical.  Where  A C D is  a Circular  fedion,  and  the 
Mirrour  is  the  fegment  of  a Globe,  or  Spherical  furfacc# 
which  are  moft  of  common  ufe.  As 

19.  Concave  Mirrours  are  therfe  whofe  furfaces  fink 
down  with  an  uniform  hollownefs  or  curvity,  below  the  up- 
per parts  A D,  and  whofe  fedion  alfo  is  a Curve,  as  various 
as  the  convex  above ; but  A D is  circular,  and  its  furfacc 
the  internal  part  of  an  holloiv  Sphere,  as  being  moft  in 
ufe. 

20.  The  Incident  Rap  is  that  which  comes  from  any  ob- 
jed,  and  falls  on  the  refleding  furface  as  B G ; and  G E 
is  the  reflected  Ray.  Fig.  6. 

21.  The  Angle  oi  Incidenee  is  that  which  is  contained 
between  the  incident  Ray  B C,  and  a perpendicular  to 

the 
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a the  reflciSling  furfacc  in  the  pqlnt  of  reflexion  F C,  viz. 


3 the  angle  B C F. 


Fig.  6. 

7.  8. 


22,  The  Angle  of  RefleSilon  is  that  contained  between 
the  faicl  periiendicular  F C,  and  the  refledled  ray  C E • 
viz.  the  angle  F C E, 


23.  Refraction  of  rays  is  their  being  bent  or  turned  out 
of  their  hril  courfe,  in  palling  out  of  one  Medium  into 
another.  Let  A D H I be  a body  of  JVater,  A D it’s  Fig,  3, 
furface,  C a point  in  whiclt  a ray  of  light  B C (in  the  air) 
begins  to  enter  the  fame ; this  ray  by  the  greater  denfity  of 
the  water,  will  be  refifted,  and  inftead  of  palling  ftraight 
forwards  in  its  firlf  diredion  to  K,  it  will  be  bent  there- 
from, and  made  to  deferibe  the  trad  C E,  which  is  called 
the  refradled  Ray.  Let  F G be  drawn  perpendicular  to 
the  furface  of  the  medium  in  C,  then  it  is  plain  the  ray  B 
C in  palling- out  of  a rarer  Alediim  [viz.  of  Air)  into  a 
(tenjer  Meditan,  [viz.  of  Water)  is  refraded  into  a ray 
C E,  which  is  nearer  to  the  perpendicular  C G,  than  the 
incident  Ray;  and  on  the  contrary,  the  ray  E C palling  out 
of  a denjer  intq  a rarer  Medium,  will  be  refraded  into  C B, 
w Inch  is  farther  from  the  perperjdicular, 

24..  The  Angl^  B C F'  is  the  angle  qf  incidence,  as 
before  ; and  F C E is  the  angle  of  Refradfion,  as  being 
contained  between  the  refraded  ray  C K,  and  tlie  per- 
pendicular C G. 

25.  A Lens  is  a medium,  generally  of  Glafs,  of  a proper 
form  to  colledl  or  dfpcrfe  the  rays  of  light  which  pafs 
through  it.  Of  tlielc  there  are  various  forms,  which  from 
thence,  receive  divers  names.  As, 
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26.  A Plano-Convex,  which  hath  one  fide  plain,  the 
fig.-  .o,.  other  fpherical  or  convex ; as  A. 

27.  A Plano-Concave,  plain  on  pne  fide,  and  concave  oq 

r < ' ' 

the  other  ^ as  B. 

28.  A Double-Convex,  is  one  Convex  on  both  fides: 

i.  ^ 

as  C. 

29.  A Double-Concave,  is  one  Concave  on  both  fides; 
as  D. 

30.  A Menifeus,  is  one  Convex  on  one  fide,  and  Concave 
on  the  other ; as  E. 

31.  A Plain  Glafs,  which  is  flat  on  both  Tides,  and  of 
equal  thicknefs  in  all  its  parts ; as  F. 

32.  A Flat  Plano-convex,  whofc  convex  fide  is  ground 
into  feveral  flat  furfaces  ; as  G, 

33.  A Prijm,  with  three  flat  fides,  and  when  viewed 
end-ways,  appears  like  an  equilateral  triangle ; as  H. 

34.  Glaffes  ground  into  any  of  the  fhapes  A B C D E, 
are  called  lenfes,  and  a line  going  horizontally  through  the 
middle,  I K,  is  called  the  axis  of  the  lens. 

pjg.  II,  Vertex  of  a Mirrour  or  Lem,  as’*A  B,  is  the 

middle  point  V,  every  way  equally  diftant  from  it’s  bafe. 


^6.  The 
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36.  The  Axis  ol  a Mirrour  or  Lrns'xs,  the  right  line  E D, 
drawn  tlirough  the  vertex  V,  and  the  center  C,  on  which 
it  was  dcfcribcd. 

37.  The  Vlfual  or  Optic  Angle,  is  that  which  is  contain- 
ed under  the  two’  right  lines  drawn  Irom  the  extreme  points 

of  an  objeft  to  the  eye  ; thus  A E B or  C E D is  the  Optic  Fig.  12, 
Angle,  or  that  under  vvhicii  the  objedd  A B or  C D appears 
to  the  eye  at  E. 

38.  A Pencil  of  ray  is  a double  cone  of  rays,  as  L O N pjg 
F L,  joined  together  at  the  bafe  in  th..  Lens  L N ; of 
wLich  one  cone  LON  has  it’s  vertex  in  fome  point  of  an 
objedl,  as  at  O ; and  the  other  cone  L F N has  it’s  vertex 

in  the  point  of  convergence,  or  Fccus  F.  The  middle  line 
OF  is  called  the  Axis  of  that  pencil. 


(y  the  praLiical  Part  of  Optics,  with  as  much  Theory  as  will 
he  jufpeient  for  the  Conjlrufiion  and  Ufe  of  tnoji  Kinds  of 
tptical  Injirurnents. 

WHAT  I here  propofe  to  lay  down  as  the  praclical 
part  of  optics,  is  chiefly  intended  for  thole  whofe  curiofity 
and  ingenuity  may  lead  them  to  make  further  difeoveries  in 
this  noble  fciencc. 

This  part  of  optics  has  always  been  kept  as  fccrct  as  pof- 
fiblc  by  people  who  made  it  their  bufinefs,  and  the  prices  of 
optical  inflruments  being  partly  out  of  the  reach  of  any,  but 
fuch  as  are  pofTefTed  of  independent  fortunes  ; by  this  means, 
(ome  thoufands  of  ingenious  enquirers  have  been  deprived 
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from  viewing  the  glorious  works  of  nature,  wjiicli  afford 
fuch  an  atnazuig  field  for  contemplation  and  amufement. 

It  has  been  attended  with  great  expcnce,  and  unwearied 
diligence,  for  me  to  gain  the  little  knowledge  J have  of  this 
art,  and  which,  I fhall  freely  communicate  to  the  public, 
in  as  plain  a manner  as  I pollibly  can  ; in  order  to  do  this, 
1 lhall  deferibe  the  parts,  as  far  as  the  conftruftion  and  ufe 
require,  of  every  machine  I ihall  have  pccanon  to  treat 
of;  at  the  fame  time,  I would  particularly  recommend  to 
every  one  who  willi  to  make  feme  proficiency  in  optics,  to 
a clofo-Qpplication  to  the  mathematics,  as  that  is  the  only 
means  whereby  any  one  can  attain  a true  knowledge  of  its 
theory. 

My  defire  alfo  is  to  make  people  fenfible  of  the  pleafura 
and  information  the  microfeope,  and  telefcope  can  afford, 
and  inftrucl  them  how  to  manage  as  well  as  make  ihcfe 
machines;  likewdfc  explain  the  effeiSls  of  glaffes  on  the 
light,  and  lead  them  gradually  into  the  nature,  ufe,  and 
piagnifying  powers  of  thefe  inlfruments. 


0/  Spe£iudcs, 

WHEN  objefts  are  feen  through  a perfeftly  fiat  glafs,  ' 
the  rays  of  light  pafs  through  it,  from  them  to  the  eye,  in  ^ 
llraight  diredfion,  and  parallel  to  each  other ; ujid  confe- 
?juently,  the  objeds  appear  very  little  either  diminifiied,  or 
enlarged,  or  nearer,  or  farther  off,  than  to  the  naked  eye, 
Rut  if  the  glafs  they  are  feen  through,  has  any  degree  of 
convexity,  the  rays  of  light  arc  diredfed  from  the  circum,, 
fcrence  towards  the  center,  in  an  angle  proportionable  to 
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ff  the  convexity  of  the  glafs,  and  meet  In  a point,  at  a 
greater  or  lelLr  diffance  from  the  glafs,  as  It  is  more  or 
1 lefs  con\  cx.  This  point,  where  the  rays  meet,  is  called  the 
ffi  focus ; and  this  focus  is  hearer  or  farther  off,  accord- 
ing  to  the  convexity  of  the  glafs  5 for  as  a little  con- 
vexity  throws  it  to  a conddcrable  diftance,  fo  when  the 
convexity  is  i11uch,  the  focus  is  very  near.  Its  magnifying 
power  is  alfo  in  the  fame  proportion  to  the  convexity . 
for  as  a flat  glafs  fcarce  magnifies  at  all,  the  lefs  a glafs  de- 
I parts  from  flatnefs,  the  lefs  of  coiirfe  it  magnifies  ; and 

!she  more  it  approaches  toveards  a globular  figure  the  nearer 
Its  focus  is,  and  the  more  its  magnifying  power. 

j People’s  different  length  of  fight  depends  oh  the  fame 

I principle,  and  arifes  from  a more  or  lefs  convexity  of  the 
cornea  and  chryflalline  humour  of  the  eye ; the  rounder 
thefe  are,  the  nearer  will  the  focus  or  point  of  meeting 
rays  be,  and  the  nearer  an  obje£l  mtifl  be  brought  to  fee 
I it  well.  The  cafe  of  fhort-fighted  people  is  only  an 
over-roiindnefs  of  the  eve,  which  makes  a very  near  fo- 
cus ; and  that  of  old  people  is  a finking  or  flattening  of 
the  eye,  whereby  the  focus  is  thrown  to  a great  difiance  : 
fo  that  the  former  may  properly  be  called  eyes  of  too  fliori, 
and  the  latter  eyes  of  too  long  a focus.  Hence  too,  the 
remedy  for  the  lafi  is  a convex  glafs,'  to  fupply  the  want  of 
convexity  in  the  eye  itfelf,  and  brings  the  rays  to  a fhorter 
focus  ; whereas  a concave  glafs  is  needful  for  the  firfi,  to 
fcatter  the  rays,  and  prevent  their  coming  to  a point  too 
. foom 

Nothing  is  more  common  than  to  obferve  old  people 
holding  objects  they  would  examine  at  a great  difiance 
from  tiiem,  lor  the  rcafon  above-mentioned  j and  every 

body 
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Plate  XIII, 
1. 


body  knows,  (liort-fighted  people  cannot  dilHnguifli  any 
thing  without  bringing  it  very  near  their  eyes.  Both 
extremes  are  very  inconvenient ; but  thofe  whofe  eyes 
are  flat  by  age,  flioulci  remember  with  fatisfadlion,  thait 
they  have  enjoyed  tbe  plcafure  of  them  for  many  years  ; 
and  tlr  fliort-liglucd  may  comfort  themfclves,  that  they 
can  diflinguilh  much  fmaller^  objects  than  long-fighted 
people:  for  the  objedl  is  magnified  in  proportion  to  the 
roundnefs  of  the  eye  and  the  nearnefs  of  the  focus,  and 
confequcntly  appears  four  times  as  big  to  an  eye  whofe 
focus  is  but  four  inches  off,  as  it  does  to  one  whofe  fo- 
cal dilfance  is  at  eight  inches.  Short-fighted  people  have 
alfo  this  farther  advantage,  that  age  improves  their  eyes» 
by  the  i,.me  means  it  impairs  other  peoples,  that  i by 
making  them  more  flat. 

The  nearer  any  objeil  can  be  brought  to  the  eye,  the 
larger  will  he  the  angle  under  which  it  appears,  and  the 
more  it  will  be  magnified.  Now,  that  didance  ftom  the 
naked  eye,  wher.  the  generality  oTpeople  are  fuppofdd 
to  fee  fmall  ob’ccl'  bed,  is  at  about  fix  inches;  confe- 
quently,  when  fuch  objects  are  brought  nearer  than  fix 
inches,  they  will  become  lefs  didindl ; and  if  to  four  or 
three,  they  will  fcarce  be  feen  at  all.  But  by  the  help  of 
convex  glades  we  are  enabled  to  view  things  clearly  at" 
much  diorter  didances  than  thefe  : for  the  nature  of  a 
convex  lens  is  to  render  an  objedt  didiniflly  vifible  to  the 
eye  at  the  didance  of  its  focus  ; wherefore,  the  fmaller  a 
lens  is,  and  the  more  its  convexity,  the  nearer  is  its  fo- 
cus, and  the  more  its  magnifying  power. 

Now,  it  is  evident,  from  the  figure,  if  either  the  cor- 
nea, a b c,  or  chrydalline  humour  e,  or  both  of  them,  be 

too 
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too  fiiit,  as  in  the  eye  A,  their  focus  will  not  be  on  the 
retina,  as  at  d,  where  it  ought  to  be,  in  order  to  render 
vifion  didincl  ; but,  beyond  the  eye  as  at  f.  Confequently 
thofc  rays  which  flow  from  the  obje£f  C,  and  pafs  through 
the  humours  ot  the  eye,  are  not  converged  enough  to  unite 
at  d : and  tliercfore  the  obferver  can  have  but  a very  in- 
diftincl  view  of  the  obje6l.  This  is  remedied  by  placing  a 
convex  glafs  g h,  of  a proper  focus,  before  the  eye,  which 
makes  the  rays  converge  fooner,  and  imprints  the  image 
duly  on  the  retina  at  d. 

If  cither  the  cornea,  or  chriftalline  humour,  or  both  of 
them,  be  too  convex,  as  in  the  e)e  f,  the  rays  that  enter 
in  from  the  obje£l  C,  will  be  converged  to  a focus  in  the 
vitreous  humour,  as  at  f,  and  by  diverging  from  thence  to 
the  retina,  will  form  a very  confufed  image  thereon  : and 
fo,  of  courfe,  the  obferver  will  have  as  confufed  a view  of 
the  object,  as  if  his  eye  had  been  too  flat.  This  incon- 
venience is  remedied  by  placing  a concave  glafs  g h before 
the  eye  ; which  glafs,  by  caufing  the  rays  to  diverge  be- 
tween it  and  the  eye,  lengthens  the  focal  dilfance  fo,  that  if 
the  glafs  be  properly  chofen,  the  rays  will  unite  at  the  retina, 
and  form  a diflin£l  pidturc  of  the  obje£l  upon  it. 

When  glalfes  are  put  in  frames  for  fpe£lacles,  their 
frames  ought  not  to  be  ftraight,  fo  as  both  eyes  may  be  as 
the  fame  plane  ; but  they  ought  to  be  fo  bent  in  the  middle, 
that  the  axis  of  both  glaflcs  may  be  dirc6led  to  one  point, 
at  fuch  a diflance  as  you  generally  look  with  fpe£lacles. 
By  this  means  the  eyes  will  fall  perpendicular  upon  both 
glafTes,  and  make  the  obje£l  appear  difl:in(5l.  But  if  they 
fall  obliquely  upon  the  glafTes,  it  will  caufe  a confufed  ap- 
pearance in  the  objedts,  therefore,  the  lhape  of  the  frame, 
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Fij.  a.  ought  to  be  as  reprcfentecl  when  A B is  the  plane  as  one 
irlafs  is  fixed,  and  C D the  other. 

Spe£lacles  are  the  moft  ufeful  optical  machine  in  the 
world.  There  are  few  people  that  grow  into  years,  but 
have  occafion  for  them  to  help  their  defedlive  eyes,  and 
without  them  would  be  ufelefs  in  a great  many  occafions 
of  life. 


Of  MICROSCOPES. 

T H E word  microfeope  imports  an  infirument  for 
viewing  feveral  fmall  objects.  I have  before  obferved, 
that  nature  has  fo  formed  the  human  eye,  that  we  can- 
not diftinftly  view  an  obje£l  at  a nearer  diftance  than  fix 
inches;  and  fince  there  is  an  affinity  of  obje£ls,  which  at 
that  difiance  appear  either  as  points,  or  are  wholly  imper. 
ceptible,  whatfoever  inftrument  or  contrivance  will  render 
fuch  minute  obje£ls  yifible  and  difiinft,  we  properly  call  a 
microfeope. 

It  is  ufual  to  fay,  that  the  microfeope  magnifies  obje£ls 
feen  through  it ; but  this  is  true  only  with  regard  to  the 
apparent,  not  the  real  magnitude  of  objedls  ; they  indeed 
appear  to  be  larger  with,  than  without  a microfeope,  but, 
in  truth  they  are  not ; and  the  reafon  why  they  appear  to  be 
magnified  will  be  eafy  to  apprehend,  by  any  perfon  who 
underfiands  the  nature  of  the  optic  angle. 

The  apparent  .magnitude  of  obje£ls  is  meafured  by  the 
angle  which  they  are  feen  under  by  the  eye;  and  thofe 
angles  are  reciprocally  as  the  difiances  from  the  eye.  If 
therefore,  at  the  diftance  of  fix  inches,  I can  but  juft  dif- 
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cern  an  objc£l,  and  then  by  an  interpollng  a lens,  or  other 
body,  I can  come  to  view  tliat  very  objcdl  at  a nearer  dll- 
tance,  the  obje(£l  will  appear  to  be  as  much  larger  through 
the  lens,  than  before  to  the  naked  eye,  as  its  dift;^Kc  from 
the  lens  is  lefs  than  its  dillance  from  the  eje. 

That  this  is  the  cafe,  is  evident,  from  where  A is  a point  ^’*2*  3> 
in  an  objedl  not  clearly  vifible  to  the  naked  eye,  at  a lefs  dif- 
tance  than  A B,  becaufe  the  rays  which  proceed  from  it 
are  too  divergent  to  admit  of  diflindl  vifion  till  they  have 
palTed  that  diftance,  but  if  the  fame  objedl  be  placed  in 
the  focus  C of  the  lens  D,  the  rays  which  proceed  from  it 
will  become  parallel,  by  palling  through  the  faid  lens,  and 
therefore  the  obje£l  isdiftindlly  vilible  to  the  eye  E,  placed 
any  where  before  the  lens  D.  Confcquently  it  will  appear 
as  much  larger,  through  the  lens  than  to  the  naked  eye,  as 
C D is  lefs  than  A B. 

If  an  objeifl  A B be  placed  in  one  focus  C of  a lens  Fig.  4, 
D E,  and  the  eye  in  the  other  focus  F,  the  eye  will  fee 
juft  fo  much  of  the  objedl  as  is  equal  to  the  diameter  of  the 
lens;  for  the  rays  of  A D and  B E,  which  go  from  the 
object  to  the  extremities  of  the  lens  D and  E,  and  are 
united  at  the  focus  F,  muft  neceflarily  proceed  from  the 
obje£l  to  the  lens  parallel  to  the  axis  F C,  and  therefore 
parallel  to  each  other ; confcquently  the  part  of  the  object 
A B,  feen  by  the  rays  D F,  E F,  will  be  equal  to  the  di- 
ameter D E of  the  faid  lens. 

If  only  the  part  d e of  the  lens  be  open,  then  only  fo 
much  of  the  obje£l  a b,  as  is  equal  thereto,  will  be  per- 
ceived by  the  eye.  Now  fince  A B is  equal  to  D E,  or 
a b to  d e,  therefore  the  angle  D b E,  or  d b e,  is  the  optic 
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angle  under  which  the  part  of  the  objc£l  A B or  a b appears 
to  the  eye  at  F ; and  lince  G F is  but  one  half  F C,  there- 
fore the  angle  D F E,  or  d F c,  is  double  to  that  under 
which  the  part  A B or  a b would  appear  to  the  naked  eye 
at  the  diftance  F C:  that  is,  the  eye  fees  the  obje^,  fituate 
as  above,  twice  as  large  with  the  lens  as  it  would  do  with- 
out it. 

, If  you  would  fee  a portion  of  an  objedl  larger  than  the 
lens,  your  eye  mull;  be  placed  nearer  the  lens  than  its  focus. 

Fig.  5.  Let  the  lens  be  D E,  its  two  foci  F and  C ; in  the  focus 
C let  there  be  an  objedl  A B larger  than  the  lens  ; fuppofe 
the  rays  A D,  B E,  proceed  from  the  extremities  of  the 
obje£l  to  thofe  of  the  lens,  it  is  evident  from  the  figure 
they  will  be  convergent,  and  therefore  will  by  the  lens  be 
united  in  a point  K,  between  the  lens  D E,  and  its  focus  F: 
,if  then  the  eye  be  placed  at  K,  it  will  'take  into  its  view  an 
obje£l,  greater  than  the  lens  D E.  ' 

Again,  let  G H be  a portion  of  an  objea  A B,  lefs 
than  the  lens  D E;  draw  G D,  FI  E,  which  will  be  di.- 
verging  rays,  and  therefore  will  be  united  at  a point  I, 
farther  diftant  from  the  lens  than  the  focus  F : hence,  if  an 
eye  be  placed  farther  from  the  lens  tl.an  its  focal  diftance 
it  can  never  fee  any  objeeft,  or  part  of  an  objecfl,  at  one  view, 
fo  large  as  the  lens,  but  always  fmaller.  And  univerfally, 
the  vifible  part  of  an  obje61;  will  be  to  the  lens,  as  the  focal 
diftance  of  the  lens,  to  the  diftance  of  the  eye. 

^ Since  then  it  is  evident,  the  nature  of  a convex  lens  is 
fuch  as  will  render  an  obje£l  diflin6lly  vifible  to  the  eye, 
at  the  diftance  of  its  focus,  the  reafon  why  they  are  ufed 
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as  microfcopcs  is  exceeding  plain.  For  fuppofe  the  diflar.ee 
A E be  6 inches,  where  the  naked  eye  B can  but  jud  per-  '"‘S 
ccive  theobjefl  A didin^lly,  and  let  the  focal  diilance  C D 
of  the  lens  D be  half  an  inch  ; then  fince  C D is  but  one 
twelfth  of  A B,  the  length  of  the  obje6l  at  C,  will  appear 
twelve  times  as  large  as  at  A ; if  it  were  a fiirface,  it  would 
be  one  hundred  and  forty-four  times  as  great  : and  the  fo- 
lidity  or  bulk  would  be  magnified  one  thoufand  feven  hun- 
dred and  twenty-eight  times. 

If  C D,  the  focal  diilance  of  the  lens  D,  be  but  one 
fourth  part  of  an  inch,  then  will  that  be  but  one  twenty- 
fourth  of  A B,  equal  fix  inches,  and  fo  the  length  of 
objects  \\  ill  be  magnified  twenty-four  times ; the  lurface 
five  hundred  and  feventy-fix  times,  and  the  folidity  thirteen 
thoufand  eight  hundred  and  twenty-four  times,  for  thofc 
numbers  are  the  fquare  and  cube  of  twenty-four.  From 
whence  it  appears,  that  fingle  glafs  lenfes  make  very  good 
microfcopcs,  which  have  thefe  advantages,  that  the  objeft 
appears  mofi:  clear,  they  lie  in  little  room,  may  be  carried 
about  any  where,  are  to  be  had  for  a fmall  prise,  and  are 
moil  eafy  to  be  ufed. 

The  form  of  a very  convenient  microfeope,  is  where 
A B is  a circular  piece  of  wood,  ivorv,  Kx.  in  the  middle 
of  which  is  a fir.all  hole,  one  twentieth  of  an  inch  diameter ; 
upon  this  hole  is  fixed,  with  a wore,  a fmall  lens  C,  whofc 
focal  diilance  is  C D.  At  that  diftance  is  a pair  of  plyers 
D E,  which  may  be  adjullcd  by  means  of  the  Hiding  ferew 
as  in  the  figure,  and  opened  by  means  of  the  two  little 
finds  a,  e ; with  thefe  vou  take  up  any  fmall  objc61  O,  and 
view  it  with  the  eye  placed  in  the  other  focus  of  the  lens  at 
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F.  ‘And  according  to  the  focal  length  of  the  lens,  the  obje^I 
O will  appear  more  or  lefs  magnified,  asreprefented  at  I M, 
IF  the  focal  length  be  half  or  one  .fourth  of  an  inch,  the 
length,  furface,  and  bulk  of  the  objeft  will  be  magnified 
as  before  deferibed.  This  fmall  inftnimcnt  may  be  put  into 
a cafe,  and  carried  about  in  the  pocket  without  any  in- 
cumbrance. 1 have  made  trial  of  various  lenfes,  and  find 
thofe  whofe  focal  lengths  are  3-tenths,  4-tenths,  and 
5-tcnths  of  an  inch,  the  beft  for  common  ufe. 

Since  the  nearer  the  eye  can  approach  to  an  objed,  the 
larger  it  appears,  it  is  plain  a double  and  equally  convex  lens 
is  far  preferable  to  a plano-convex  lens  : becaufe  if  the 
fphere  or  convexity  be  the  fame,  the  focal  length  of  the 
former,  is  but  half  as  long  as  of  the  latter  : and  fince  the 
double  convex  confifts  of  two  fegments  of  a fphere,  the 
more  an  objedl  is  to  be  magnified,  the  greater  mufi;  the 
convexity  be,  and  therefore  the  fmaller  the  fphere ; till  at 
laft  the  utmofi:  degree  of  magnifying  will  require  that  thefe 
fegments  become  hemifpheres,  and  confequently  the  lens 
will  be  reduced  to  a perfed  fpherulc,  or  very  fmall  fphere. 

If  the  radius  of  the  fpherule  be  one  tenth  of  an  Inch, 
the  eye  will  have  diftin£l:  vifion  of  an  objcdl  by  means 
thereof,  at  the  difiance  of  a radius  and  half,  i.  e.  3-twen- 
tieths^of  an  inch,  which,  as  it  is  but  the  40th  part  of  fix 
inches,  (hews  that  the  length. of  an  objecSl  will  be  magnified  , 
forty  times,  the  furface  one  thoufand  fix  hundred  times,  and 
the  folidity  fixty-four  thoufand  times,  by  fuch  a fmall  fphere. 

If  the  radius  of  a fpherule  be  but  one  twentieth  of  an 
inch,  then  will  the  eye  have  diftindt  vifion  of  an  objedl  at  the 
diflanceof  3-fortieths_of  an  inch,  which,  as  it  is  biit  the 
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80th  part  of  fix  inches,  fhews  the  length  of  ohjeiEfs  will 
appear  eighty  times  greater,  the  furface  fix  thoufancl  four 
hundred  times,  and  the  bulk  five  hundred  and  twelve 
thouland  times  greater  to  the  naked  eye  at  fix  inches 
diflance. 

Again,  if  the  diameter  of  a fpherule  be  one  twentieth  of 
an  inch,  or  the  radius  one  fortieth,  then  will  the  eye  ap- 
proach the  objedl  fo  near  as  3-8oth  part  of  an  inch,  which  is 
but  the  1 60th  part  of  fix  inches;  and  therefore  the  length  of 
objeds  will  be  magnified  one  hundred  and  fixty  times,  the 
furface  twenty-five  thoufand  fix  hundred  times,  and  the  fo- 
lidity  four  million  and  ninety-fix  thoufand  times  by  this 
fpherule;  which  is  fo  great  a power  of  magnifying,  as  fur- 
pafTes  all  human  imagination  and  comprehenfion. 

In  ufing  thefe  fpherule  microfeopes,  the  objefls  are  to  be 
placed  in  one  focus,  and  the  eye  in  the  other;  and  fince  the 
focus  is  fo  exceeding  near  the  glafs,  it  is  impollible  to  view 
any  but  pellucid  bodies  : for  if  any  opake  object  were  to  be 
applied,  the  eye  being  as  it  were  juft  on  the  fpherule,  would 
entirely  prevent  any  light  falling  on  it,  and  it  w'ould  be  too 
obfeure  to  be  viewed.  • 

It  was  with  thefe  fort  of  microfeopes,  that  the  famous 
Dutch  philofopher  Mr.  Leeuwenhoek  made  fuch  wonderful 
difeoveries ; and  it  muft  be  with  thefe,  if  with  any,  that 
the  corpufclesor  atoms,  of  which  bodies  conlift,  are  to  be 
difeovered  ; which  the  great  Sir  IJaac  Newton  thought  was 
poffible.  But  the  great  difficulty  of  making  very  fmall,'and 
at  the  fame  time,  very  good  ones  ; their  prejudice  to  the 
eyes  in  poring  very  hard  and  near;  the  trouble  of  placing 
«bje6ts  at  a due  diflance  and  the  very  fmall  part  which 
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can  be  fcen  of  any,  make  this  fort  of  microfcopcs  very  little 
known  or  iifecl. 


Of  a Jingle  Microfeope  for  Opake  OhjeSis. 

\ 

THIS  microfeope  remedies  the  inconvenience  of  havino" 
the  dark  fide  of  an  objedl  next  the  eye,  which  has  hitherto 
been  an  tinfurmountable  obdruftion  to  the  making-  obferva- 
tions  on  opake  objcdls  with  any  confiderable  degree  of  exadl- 
nefs  or  fatisfa£lion : for  in  all  other  contrivances  commonly 
known,  the  ncarnefsof  the  inftrument  to  the  objedl  (when 
glades  that  magnify  miiclt  are  iifed)  unavoidably  over- 
ihadow's  it  fo  much,  as  to  render  its  appearance  obfeure  and 
undiflin£t.  And,  notwithflanding,  ways  have  been  tried 
to  point  light  upon  an  objed,  from  the  fun,  or  a candle,  by 
a convex  glafs  placed  on  the  fide  thereof;  the  rays  from  either 
can  be  thrown  upon  it  in  fuch  an  acute  angle  only,  that 
they  ferve  to  give  a confufed  glare,  but  are  infufficient  to 
afford  a clear  and  pcrfe'61  view  of  the  object. 

But  in  this  new  microfeope,  by  means  of  a concave 
fpeculum  of  filver  highly  polifhed,  in  whofe  center  a mag- 
nifying lens  is  placed,  fo  dire£l  andftrong  a light  is  refledled 
upon  the  objedd,  that  it  may  be  examined  with  all  ima- 
ginable eafe  and  pleafure. 

The  apparatus  for  this  ptirpofe  .has  afixDrded  me  more 
delight  and  fatisfadlion  than  I am  able  to  deferibe ; and 
whoever  tries  it,  will,  I believe,  join  in  my  opinion,  that 
he  never  faw  an  opake  objedl  with  fo  much,  clearnefs,  and 
in  fo  perfedl  and  true  a manner. 
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The  fevcral  parts  of  this  inflrunicnt  commonly  made  of 
brafs,  arc  as  follows  : 


1 hrough  tlic  firfl;  fide  A,  pafies  a fine  ferew  B, 
Other  end  whereof  is  faltened  to  the  moveable  fide  Ci 


the 

Fig.  ?. 


D is  a nut  adapted  to  the  faid  ferew  by  the  turning  of 
Avhich  the  two  Tides  A C are  gradually  brought  together. 

E is  a fpring  of  fteel,  that  feparates  the  faid  two  Tides 
when  the  nut  is  unTcrewed.  ' 

F a piece  of  brafs  turning  round  in  a Tocket,  whence 
proceeds  a fmall  fpring,  tube  moving  upon  a rivet,  through 
which  tube  there  runs  a fteel  wire,  one  end  whereof  ter- 
mina‘es  in  a fharp  point  G,  and  the  other  hath  a pair  of 
plyers  H faftened  to  it.  The  point  and  plyers  are  to  thruft 
into  or  to  take  up  and  hold  any  infedl  or  objedl : and  either 
of  them  may  be  turned  upwards,  as  fuits  your  purpofe 
belt. 


I is  a ring  of  brafs  with  a female  ferew  within  it, 
mounted  on  an  upright  piece  of  the  fame  metal,  which 
turns  round  on  a rivet,  that  it  may  he  fet  at  a due  diftance 
when  the  leaft  magnifiers  are  errlployed.  This  ring  receives 
the  ferews  of  all  the  magnifiers. 

P a handle  turned  of  wood,  to  fcrcw  into  the  inftrument 
when  it  is  made  ufe  of. 


K a concave  fpcculum  of  liivcr,  polifhed  as  bright  ^ 

poflible,  in  the  center  of  which  a double  convex  lens  is 
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placed,  with  a proper  aperture  to  look  through  it.  On 
the  back  of  this  fpeculum  a male  ferew  L is  made  to  fit 
the  brafs  ring  I,  to  ferevv  into  the  faid  ring  at  plcafurc. 

There  are  four  of  thefe  concave  fpecula,  of  different 
magnifying  powers,  to  be  ufed  as  objedds  to  be  examined 
may  require.  The  greateft  magnifiers  muft  always  have 
the  leaft  apertures. 

rig.  8. 

M a round  objcdl-plate,  one  fide  white  and  the  other 
black,  intended  to  render  objedls  the  more  vifible,  by  pla- 
cing them,  if  black,  on  the  white,  and  if  white  on  the  ■ 
black  fide.  A fteel  fpring  N,  turns  down  on  each  fide  to  ' 
make  any  obje*^;  faff : and  iffuingSfrom  the  objcdl  plate  is  a ' 
hollow  pipe  to  ferew  it  on  the  needle’s  point  G.  \ 

Fig.  10.  . • j 

O is  a fmall  box  of  brafs,  with  a glafs  on  each  fide, 
contrived  to  confine  any  living  objea,  in  order  to  examine  i 
It : this  alfo  has  a pipe  to  ferew  upon  the  end  of  the  needle  i 

G. 

( 

Fig.  II,  \ 

a pair  of  brafs  plyers,  to  take  up  any  objed,  or  ' 
manage  it  with  conveniency. 

Fig.  12, 

R a foft  hair  bnifli,  to  clean  the  glaffes  or  fpecula,  or 
apply  a drop  of  any  liquid  to  the  ifinglafs  of  the  box  O,  in 
order  to  view  the  animalcules. 

Fig.  ij, 

S a fmall  ivory  box  for  the  talcs,  to  be  placed  when  . 
wanted  in  the  fmall  brafs  box  O. 

Fig  7. 

VVhen  you  would  view  any  objedl,  ferew  the  fpeculum, 
with  the  magnifier  you  would  think  belt  to  ufe,  into  the 

brafs 
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brafs  ring  1.  Place  your  objea  cither  on  the  needle  G, 
in  the  plyers  }I,  on  the  objea-platc  M,  or  in  the  brafs 
hollow  box  O,  as  may  be  moll  convenient,  according  to 
the  nature  anil  cotidition  of  it : then  holding  up  your  in- 
lliument  by  the  handle  P,  look  againll  the  light,  through 
the  magnifying  lens,  and  by  means  of  the  nut  D,  together 
with  the  motion  of  the  needle,  by  managing  its  lower  end, 
the  objecl;  may  be  turned  about,  raifed,  or  dcprelTcd,  brought 
nearer  the  glafs,  or  put  farther  from  it,  till  you  hit  the  true 
focal  diflance,  and  the  light  be  feen  reflefted  from  the  fpe- 
culum  Urongly  upon  the  objedl : by  which  means,  it  will 
be  Ihewn  in  a manner  furprizingly  cliflina  and  clear.  And  , 
for  this  purpofe,  the  light  of  the  Iky,  or  of  a candle,  will 
anfwer  to  your  fatisfadlioi;. 

This  microfeope  is  principally  intended  for  opake  objeds, 
but  tranfparent  ones  may  alfo  be  viewed  by  it : obferving 
only,  that  when  fuch  come  under  exam-ination,  it  will  not 
always  be  proper  to  throw  on  them  the  light  reflefted  from 
the  fpcculum : I'or  the  light  tranfmitted  through  them 
meeting  the  relieved  light,  may,  together,^  produce  too 
great  a glare.  A little  practice  will  teach  how  to  regulate' 
both  thcle  lights  to  good  advantage. 

There  is  rcnfon  to  expeeft  great  ilifcoveries  may  be  made 
by  the  apparatus  above  ciclcribed,  as  opake  objcdls  are  a 
large  field,  but  little  hitherto  examined,  by  realbn  of  the 
greqt  djfhcijlty  in  doing  it. 
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0/  Mr.  JVilJon's  Jingle  Pocket  Microjcope. 

THE  body  is  made  either  of  brafs,  ivory,  or  filver,  as 
Fig.  I.  1 cprelented  A A B B. 

C C is  a long  fine-threaded  male  ferew,  that  turns  int(j 
the  body  of  the  microfeope. 

D a convex  glafs  at  the  end  of  the  faid  ferew. 

I.  Two  concave  round  pieces  of  thin  brafs,  with  holes 
of  different  diameters  in  the  middle  of  them,  to  cover  the 
faid  glafs,  and  thereby  diminifli  the  aperture  when  the 
greateft  magnifiers  are  employed. 

E E three  thin  plates  of  brafs  within  the  body  of  the 
microfeope,  one  whereof  is  bent  femicircularly  in  the  middle, 
fo  as  to  form  an  arched  cavity  for  the  reception  of  a tube  of 
glafs,  whereas  the  two  flat  plates  are  to  receive  and  hold  the 
Aiders  betw'een  them. 

F a piece  of  wood  or  ivory,  arched  in  the  manner  of  the 
fcmicircular  plate,  and  cemented  thereto. 

G the  other  end  of  the  body  of  the  microfeope,  where  a 
hollow  female  ferew  is  adapted  to  receive  the  different  mao-, 
nmers.  ' ' ' . 


il  a fpiral  fpring  of  Feel,  between  the  faid  end  C and  the 

■ plates 
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plates  of  brafs  ; iiitended  to  keep  the  plates  in  a right  por- 
tion, and  counteract  againlt  the  long  Icrevv  C C. 

I a fmall  turn’d  handle,  for  the  better  holding  of  the  in- 
flrument,  to  icrew  on  or  oft'  at  pleafure.  i 

To  this  microfcope  belong  feven  difterent  magnifying 
glalles  : lix  of  them  are  fct  in  lilver»  brafs,  or  ivory,  as  in 
K,  and  marked  i,  2,  3,  4,  5,  6,  the  lowefi:  numbers 
beins:  the  oreatcft  mao;nifiers. 

L is  the  feventh  magnifier,  fet  in  the  manner  of  a little  Fig.  3 
barrel,  to  be  held  in  the  hand  for  the  viewing  any  larger 
objeCt. 


The  figure  may  be  of  further  ufe,  by  applying  a thin  cap,  pig 
with  a hole  in  it,  a quarter  of  an  inch  fquare,  exaCl  in  the 
focus  of  the  lens  ; by  which  means,  when  a piece  of  lin 
cloth  is  applied  upon  the  brafs,  and  viewed  through  the 
other  end,  the  threads  will  appear  greatly  magnified,  fothat 
they  may  be  counted,  and  thereby  the  quality  of  the  cloth 
may  be  afcertaincd  by  calculation. 

M is  a flat  flip  of  ivory,  called  a Aider,  with  four  round  Fig.  5. 
holes  through  it,  wherein  to  place  objeCls  betw'cen  tw-o 
glalTcs  or  pieces  of  Mufcovy  talc,  as  they  appear  d d d d. 

Eight  fuch  ivory  Aiders,  and  one  of  brafs,  are  ufually  fold 
with  this  microfcope  ; fome  with  objeCls  placed  in  them, 
and  others  empty,  for  viewing  any  thing  that  may  oftcr  ; 
but  whoever  pleafes  to  make  a large  collection  of  objeCts, 
may  have  as  many  as  he  defires. 


The 
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Fig.  7. 


Fig.  8. 


FI? 


The  brafs  flider  is  to  confine  any  fmall  obietH:,  that  it 
may  be  viewed  without  crufiiing  or  deftroying  it. 

N is  a forceps  or  pair  of  plyers,  for  the  taking  up  Infcds 
or  other  objcdls,  and  adjuring  them  to  the  glalfes. 

O is  a little  hair-brufh,  or  pencil,  wherewith  to  wipe 
any  dull  from  off  the  glalfes,  or  to  take  up  any  fmall  drop 
of  liquid  one. would  examine,  and  put  it  upon  the  talcs  or 
ilinglals. 

is  a tube  of  glafs,  contrived  to  confine  living  objeds, 
filch  as  frogs,  fillies,  &c.  in  order  to  difeover  the  blood,  as 
it  llreams  along  the  veins  and  arteries. 

All  thefe  particulars  are  contained  in  a little  neat  box, 
very  convenient  for  carrying  in  the  pocket. 

When  an  obje£l  is  to  be  viewed,  thnift  the  ivory  llider, 
in  which  the  faid  obje£t  is  placed,  between  the  two  flat 
brafs  plates  E E : obferving  always  to  put  that  fide  of  the 
Aider  where  the  brafs  rings  are,  farthell  from  your  eye. 
Then  ferew  on  the  magnifying  glafs  you  intend  to  ufc,  at 
the  end  of  the  inflrument  and  looking  through  it  a- 
gainfl  the  light,  turn  the  long  ferew  C C,  till  your  objedb 
be  brought  to  fit  your  eye  ; which  you  will  know  by  its  ap- 
pearing then  pcrfedlly  diftindl  and  clear.  ’Tis  befl:  to  look 
at  it  firfl:,  through  a magnifier  that  can  fhew  the  whole 
thercol  at  once,  and  afterwards  to  infpeft  the  feveral  parts 
more  particularl.y  with  one  of  the  greateft  magnifiers : for 
tihus  you  ivill  gain  a true  idea  ol  the  whole,  and  of  all  its 
parts.  And  though  the  gr^atelt  magnifiers  can  lli,ew 

but 
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s’]  blit  a minute  portion  of  nny  objeft  at  once,  luoli  as  the 
j daw  of  a rfca,  the  horn  of  a Ionic,  or  the  like:  yet  by 
j gently  moving  the  llider  that  contains  your  objed,  tlic  c\<; 
; vvili  gradually  overlook  it  all;  and  if  any  part  Ihould  be 
i out  of  diUancc,  the  icrew  C C will  ealily  bring  it  to  the 
I true  focus. 

j As  objeds  mun:  be  brought  very  near  the  glafles  when 
I the  greatell  magnifiers  are  ufed,  be  particularly  careful  not 
j to  fcratch  them  as  yon  move  it  in  or  out.  y\  few  turns  of 
I the  Icrcw  C C wdl  ealily  prevent  this  mifchicf,  by  go  ing 
I them  room  enough. 

j 'You  may  change  the  objeds  in  your  fliders,  for  wliat 
I others  you  think  proper,  by  taking  out  the  brafs  ring  with 
the  point  of  a penknife  ; the  talc  will  then  fall  out,  if  you 
but  turn  the  Aiders  ; and  after  putting  what  you  pleafe  be- 
tween them,  by  replacing  the  brafs  rings,  you  will  fallen 
them  as  they  were  before.  ’Tis  proper  to  have  fome  Aiders 
furnilhed  with  talcs,  but  without  any  objeds  between 
them,  to  be  always  in  readinels  for  the  examination  of 
fluids,  falts,  fands,  powders,  the  Farina  of  llowers,  oranv 
other  cafual  objeds  of  fnch  fort  as  need  only  be  applied  to 
the  outfide  of  the  tale. 

The  circulation  of  the  blood  may  cafieft  be  fecn  in  the 
Tails  and  fins  of  fifhes,  in  the  fine  membranes  between  a 
frog’s  toes,  or  heA  of  all,  in  the  tail  of  a water-newt.  Ii' 
your  objed  be  a I'mall  filli,  place  it  within  the  tube,  and 
fpread  its  tail  or  fin  againll  the  lidc  thereof:  if  a frog,  chiife 
fiich  an  one  as  can  but  jiill  begot  into  your  tube,  and  with 
a pen  or  ftick  expand  the  tranlparcnt  membrane  betwee  n 
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the  toes  of  the  frog’s  hand  foot  as  wide  as  yon  are  able. 
When  your  obje£l  is  fo  adjufled,  that  no  part  thereof  can 
Intercept  the  light  from  the  place  you  intend  to  view,  un- 
ferevv  the  long  ferew  C C,  and  thruft  your  tube  into  the 
arched  cavity,  quite  through  the  body  of  the  microfeope ; 
then  ferew  it  to  the  true  focal  dilfance,  and  you  will  fee  the 
blood  palling  along  its  velfels  with  a rapid  motion,  and  in 
a moll  furpnling  manner. 

Make  ufe  of  the  third  or  fourth  magnifier  for  frogs  or 
fifhes;  but  for  the  tails  of  water-newts,  the  fifth,  or  fixth 
will  do;  becaufe  the  globules  of  their  blood  are  twice  as 
large  as  (hofe  of  frogs  or  filb.  The  firfl  or  fecond  magni- 
iier  cannot  well  be  employed  to  this  purpofe  ; for  the  thick- 
nefs  of  the  tube  wherein  the  objecSl  lies,  will  fcarce  admit 
its  being  brought  fo  near  as  the  focal  diftance  of  the  mag- 
nifier. 

A Pocket  AlicrofcopCi  with  a ReJlcHing  Speculum. 

A is  a fcroll  of  brafs,  fixed  upright^  on  a round  pedeftal 
9.  of  wood  B,  fo  as  to  (land  perfe£lly  firm  and  Ready. 

C is  a brafs  ferew,  that  palTes  through  a hole  in  the  up- 
j per  limb  of  the  fcroll,  into  the  fide  of  the  Microfeope  D, 
and  ferews  it  fall  to  the  faid  fcroll. 

E a concave  looking-glafs  or  fpeculum,  fet  in  a box  of 
brafs,  which  hangs  in  the  arch  G,  by  two  fmall  ferews  f f, 
that  ferew  into  the  oppofite  Tides  thereof. 


At 
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I At  the  bottom  of  the  faid  arch  is  a pin  of  the  fame  metal , 
I exactly  fitted  tc  a hole  h,  in  the  wooden  pedelfalj  made 
I for  the  reception  of  the  faid  pin. 

As  the  arch  turns  on  this  pin,  and  the  fpeculnm  turns  on 
the  ends  of  the  arch,  it  may,  by  this  two-fold  motion,  be 
I feafily  adjufled,  in  fuch  a manner,  as  to'  refledl  the  light  of 
the  fky,  tlie  fun,  or  a candle,  diredlly  upwards,  through 
the  microfeope  that  is  fixed  perpendicularly  over  it ; and 
by  fo  doing,  may  be  made  to  anfwer  almoll:  all  the  ends 
of  the  large  double  refledling  microfeope. 

The  body  of  the  microfeope  may  alfo  be  fixed  horizontally, 
and  objects  may  be  viewed  in  that  pofition,  by  any  light 
you  choofe  ; which  is  an  advantage  the  refleeSling  microf- 
eope has  not. 

It  may  alfo  be  rendered  farther  tifeful,  by  means  of  a flip 
of  glafs,  one  end  of  which  being  thrufl:  between  the  plates 
where  the  Aiders  go,  and  the  other  extending  to  feme  dif- 
tance,  fuch  objedls  may  be  placed  thereon,  as  cannot  be 
applied  to  the  Aiders : and  then,  having  a limb  of  brafs  that 
may  be  faftened  to  the  body  of  the  microfeope,  and  extend 
over  the  projedling  glafs  a hollow  ring,  wherein  to  ferew 
the  magnihers,  all  forts  of  fubjedls  may  be  examined  wdth 
great  conveniency,  if  a hole  be  made  in  the  pcdcftal,  to 
place  the  fpeculum  exaflly  underneath,  and  thereby  throw 
up  the  rays  of  light  as  in  the  next  figure. 

The  pocket  microfeope  thus  fixed,  is,  if  I may  prefume 
to  judge,  as  eafy  and  jjleafhnt  in  its  ufe,  and  as  fit  for  the 

moll  curious  examination  of  the  animalcules  and  falts  in^ 

r;  cr  ' fluids' 
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fluids,  of  the  farina:  in  vegetables,  of  the  circulations  in 
' fmall  creatures  : in  fliort,  it  is  likely  to  make  confidcr- 
able  difeoveries  in  objefts  that  have  fome  degree  of  tranf- 
parency,  as  any  microfeopes  I have  ever  feen  or  heard  of. 

Another  fingle  Microjeope  on  a Foot  or  Stand. 

THE  fingle  microfeopes  hitherto  deferibed,  have  been 
contrived  in  many  different  forms,  which  on  fome  occafions 
arc  very  neceffary  and  convenient,  I have  here  given  the 
form  or  flrudfurc  of  one  which  I tiiink,  in  fome  cafes, 
preferable  to  any  I have  feen. 

This  is  the  general  form  of  the  inftniment  in  which  A B 
is  the  bafis  or  foot. 

Fig.  10.  C D I is  the  ftem,  of  which  the  lower  part  C is  in  the 
form  of  a pillar ; and  the  upper  part  D has  four  plain 
fidcs.  ' 

E,  F,  are  two  fquare  fockets  of  brafs,  moveable  up  and 
down  together  upon  the  fquare  part  of  the  ftem,  being  con- 
nedled  by  a common  ferew  ; but  this  motion  is  checked  by 
the  conftanf  prefTufe  of  a fpring. 

G is  a ferew  by  which  the  part  E is  fixed  to  the  ftem. 

H is  an  adjufling  ferew',  by  which  the  part  F is  gradually 
moved  up  and  down  ; and  thereby  K L,  the  ftage  on  which 
the  objedfs  arc  placed,  has  M N the  Aider,  with  its  objedfs* 
duly  adjufted  to  the  focus  of  the  magnifiers. 

L is 
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L is  a joint  by  -which  the  ftage  is  capable  of  an  horizontal 
motion,  to  Ihcw  any  part  of  the  objc(fl  without  moving  the 
Aider. 

OP  is  a circular  piece  of  brafs  confiAing  of  two  plates, 
between  which  arc  placed  fix  fmall  Icnfes  or  magnifiers  in  a 
circle  hear  the  extreme  part,  and  is  moveable  on  a ferew 
in  its  center,  which  goes  into  I a piece  of  brafs  fixed 
very  firmly  on  the  top  of  the  ftem  ; upon  this  is  Q_a  circular 
piece  of  brafs  foldered  on,  with  a hole  in  the  center,  under 
which  the  circle  of  glades  below  paflTes,  and,  confequently, 
any  one  of  the  lenfes  being  brought  to  the  center  of  this  hole, 
will  be  cxailly  over  the  center  of  the  hole  in  the  Aage,  and 
Aiew  the  obje£ls  when  adjufted  to  the  focus  of  the  faid 
lens. 

R is  the  fpeculum  that  refie6ls  the  light  through  the  mi- 
crolcope. 

A Megalajeope  for  viewing  large  Ohie^ls. 

This  is  an  optical  inflrumcnt  that  may  be  properly  call- 
ed a megalafcope  for  the  hand;  becaufe  it  is  adapted  for 
viewing  all  the  larger  fort  of  fmall  obje6ls,  fuch  as  infedls, 
Aowers,  minerals,  linen,  to  a very  great  advantage  ; as 
with  three  glaffes  only  it  has  leven  different  magnifying 
powers. 

lig-  «t. 

A B is  the  cafe  of  brafs,  filver,  &c. 

D,  E,  F,  three  fcveral  lenfes  with  different  magnifying 
powers,  which  are  all  contained  in  the  laid  cafe,  atui  turned 
C|i,ui  at  plcafurc. 
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H the  handle. 

The  three  glafTes  fingly,  afford  three  magnifying  powers; 
and  by  combining  two  and  two,  we  make  three  more  ; for 
D with  E makes  one,  D vyith  F anotlier,  and  E with  F a 
third;  which  with  the  three  fingly  make  fix;  and  laftly,  all 
three  combined  together  make  another,  fo  that  upon  the 
whole,  there  are  feyen  powers  of  magnifying  with  three 
glalfes  only. 

Of  double  or  copipouud  M'lcrojcopes. 

The  double  or  compound  microfeope,  confifts  of  an  ob.. 

' jc£l  glafs  c d,  and  an  eye  glafs  e f.  The  fmall  objeft  a b 
is  placed  at  a little  greater  difiance  from  the  glafs  c d than  its 
principal  focus,  fo  that  the  pencils  of  rays  flowing  from  the 
different  points  of  the  objeft,  and  palling  through  the  glafs* 
may  be  made  to  converge  and  unite  in  as  many  poihts  be- 
tween g and  h,  where  the  image  of  the  objedl  will  be 
formed : which  image  is  viewed  by  the  eye  through  the  ■ 
cye-glafs,  e f.  For  the  eye-glafs  being  fo  placed,  that  the 
image  g h may  be  in  its  focus,  and  the  eye  much  about  the 
fame  difiance  on  the  other  fide,  the  rays  of  each  pencil 
will  be  parallel,  after  going  out  of  the  eye-glafs,  as  at  e and  f, 
till  they  come  to  the  eye  at  k,  where  they  will  begin  to 
converge  by  the  refradlive  power  of  the  humours  ; and  after 
having  croffed  each  other  in  the  pupil,  and  paffed  through 
the  chryfiallinc  and  vitreous  humours,  they  will  be  colle61:ed 
jnto  points  on  the  retina,  and  form  the  large  inverted  image 
4 R fiiercon. 
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The  magnifying  power  of  this  inicrofcope  is  as  follows : 
fuppofe  the  image  g h to  be  fix  times  the  diltance  of  the  ob- 
jetlab  from  heobjedlglai'scd;  then  will  the  image  be  fix  times 
the  length  of  the  objecl : but  fince  the  image  could  not  be  fecn 
difiindtlyby  the  bareeve  at  a Icfs  dillange  than  fixinches.if  itbe 
viewed  by  an  eye-glafs  e f,  of  one  inch  focus,  it  will  there- 
by be  brought  fix  times  nearer  the  eye  ^ and  confequently 
viewed  under  an  angle  fix  times  as  large  as  before ; fo  thaj- 
it  will  be  again  magnified  fix  times  ; that  is,  fix  times  by 
the  ohje£l-glafs,  and  fix  times  by  the  eye-glafs,  which  mul- 
tiplied into  one  another,  makes  thirty-fix  times  ; and  fo 
much  is  the  objecl  magnified  in  diameter  more  than  what  it 
appears  to  the  bare-eye  ; and  confequently  thirty-fix  times 
thirty-fix,  or  one  thoufand  two  hundred  and  ninety-fix 
fimes  in  furface. 

But  becaufe  the  extent  or  field  of  view  is  very  fmall  in  this 
microfeope,  there  are  generally  two  eye-glaffes  placed 
fomttimes  clofe  together,  and  fometimes  an  inch  afunder ; 
by  which  means,  although  theobjedl  appears  lefs  magnified, 
yet  the  vifible  area  is  much  enlarged  by  the  interpofition  of 
a fecond  eye-glafs  ; and  confequently  a much  pleafantcr 
view  is  obtained. 


The  Deferipiian  and  life  of  a compoimd  Microfeope. 

Is  the  form  of  a compound  microfeope  for  the  pocket. 

Fij.  ij. 

A Q^is  the  body  or  internal  part  which  is  moveable  up 
and  down  in  C D an  external  cafe  of  wood,  brafs  or  lilver. 


E one 
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E one  of  the  three  pillars  which  fupport  the  infirument. 

F a plate  fixed  (horizontally)  to  the  legs,  ufually  called 
the  flage. 

G a hole  in  the  central  part,  in  which  glafs,  and  other 
partr  of  the  apparatus  are  placed,  vyith  objedts  to  be 
viewed. 

, H an  illuminating  or  refledllng  fpcculum. 

I the  foot  of  the  inflrument. 

K is  a pipe  to  which  is  fere  wed, 

Q_a  brafs  button  or  cafe  to  hold  the  magnifier. 

In  this  compound  microfeope  there  are  generally  three 
(Tomctimcs  fonr)  glaffcs  employed  to  produce  the  effcdl,  viz. 
I.  the  magnifying  lens  at  Q^which  makes  a large  image  in 
the  upper  part  of  the  fmall  objed  below,  2.  A large  lens 
at  B,  called  tne  body  glafs,  which  is  the  caufe  of  a larger 
field  of  view.  3.  An  eye  glafs  at  A,  by  1 which  we  view 
the  enlarged  image  of  the  objed,  in  its  focus. 


The  MethQd  of  computing  the  magnifying  Power  of  Jingle  and 
double  Adlcrojcopes. 

THE  magnifying  power  in  all  optical  Inflruments  de- 
pends upon  thiS  OP'  principle,  that  every  objed  is- appa- 
rently' greater  or  leis  in  proportion,  as  it  is  nearer  to,  or 

farther 
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farther  Irom  the  ey.e  ; bccaufe  the  ucajer  it  is,  the  larger  is 
the  vll'ual  angle  under  wliicli  it  appears,  O'  vice  voja. 

But  the  eye  is  fo  formed  as  to  ailmit  of  difliiuSl:  vifion  by 
fuch  rays  only  as  are  ntaiiy  parallel  ; and  therefore  every 
objedl  mull  be  removed  to  fuch  a dillance  from  the  eye 
that  the  rays  of  light  ilfuingfrom  every  point  thereof,  may 
fall  upon  the  eye  with  fmall  divergency,  or  nearly  parallel, 
which  dillance  is  in  dilFerent  eyes  from  Hx  to  eight  inches, 
as  any  one  may  find  by  trial. 

Now,  fince  a convex  glafs  convenes  parallel  rays  to  a point 
or  focus  ; therefore,  on  the  contrary,  if  an  obje£l  be  placed 
in  the  focus  of  fuch  a lens,  the  rays  proceeding  from  each 
point  will  be  retradled  parallel  to  the  eye,  and  thereby  pro- 
duce dillincl  vifion  of  that  objedl  in  its  focus. 

Hence  then  it  follows,  that  if  a b be  a very  fmall  objccl 
in  the  focus  of  the  glafs  c,  w hofe  focal  dillance  is  one  inch,  ^ 
the  eye  applied  to  the  lens  C will  have  the  didindl  vifion 
thereof ; and  this  being  at  a didance  fix,  feven,  or  ciglit 
times  nearer  than  the  eye  alone  could  clearly  fee  it,  it  mull 
appear  fo  many  times  larger  than  to  the  naked  eye  ; and 
therefore  we  properly  fay,  it  is  magnilied  to  Inch  eyes,  lix, 
feven,  or  eight  times  in  length  and  breadth. 

I 

But  all  furfaces  are  magnified  in  proportion  to  the 
fquarcs  of  their  lengths  or  lides  ; therefore  tlie  lurfaces  of 
objecls  are  magnified  ihirtv-fix,  forty-nine,  or  lixty-four 
limes  by  a lens  of  one  inch  focal  dillance. 

Alfo  the  bulk  or  magnitude  of  the  whole  hotly,  will  be 

magnified 
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magnified  in  proportion  to  the  cubes  of  the  fides  or  length/ 
and  therefore  all  folid  bodies  will,  by  fuch  a lens,  be  mag- 
nified two  huridred  and  lixteen,  three  hundred  and  forty- 
three,  or  five  hundred  and  twelve  times,  to  fuch  eyes  fe- 
fpedlively. 

If  the  lens  C were  blit  of  half  an  ihch  focal  diftance,  the  ' 
lengths  of  objeils  would  be  magnified  twice  as  much  ; the 
furfaces  four  times,  and  the  magnitude  or  bulk,  eight  times 
as  much  as  before. 


If  the  focal  difiance  of  the  lens  C be  a quarter  of  an  inch, 
then  the  lengths  are  magnified  four  times  as  much,  viz.> 
twenty-four,  twenty-eight,  or  thirty-two  times  ; the  fur- 
faces  fixteen  times  as  much,  or  576  times  more  than  to 
the  naked  eye  at  fix  inches  difiance ; and  folid  bodies  are- 
magnified  fixty-four  times  more  than  by  the  lens  of  a whole  ■ 
inch  focal  difiance.  ; 


Once  more ; fuppofe  the  lens  fo  fmall  that  its  focal  dif- 
tance is  but  I -tenth  of  an  inch,  then  the  length  of  an  ob-‘ 
je61:  is  magnified  fixty,  feventy,  or  eighty  times ; the  fur- 
face  3^00,  /\.goo,  or  6400  times,  and  the  folidity  or  whole 
bulk  216000,  34gooo,  or  5 12000  times,  or  fo  much  larger 
do  the  bodies  of  mites,  or  their  eggs,  appear  than  to  the 
naked  eye  at  fix,  feven,  or  eight  inches  diftance. 


After  the  fame  manner  you  may  compute  the  magnifying 
power  of  lenfes  of  I -twentieth,  i -thirtieth,  i-foitieth',  and 


even  i -fiftieth  part  of  an  inch  focal  diftance,  w'hich  may 
be  made  if  required  ; but  they  are  with  difficulty  ufed.  By 
a lens  i -fiftieth  of  an  inch,  the  length  is  magnified  300 


times  j 
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times ; and  the  fiirface  90C00  times  5 and  the  foliditv 


270GCC00  times. 


S'? 


But  tliefe  enormous  powers  of  magnifying  arc  much 
I better  edecdeu  111  compound  microfcopes,  and  be  that  in  what 
degree  you  pleafe,  it  is  thus  eafily  eftimated.  Let  C be  the 
j objedt  itns  in  the  cell  Q_,  big.  ol  the  compound  mi- 
crofcope,  if  then  a fmall  object,  a b,  be  placed  on  the  ftage 
at  G,  a little  more  than  the  focal  dhtance,  there  will  be 
formed  by  the  laid  lens  C,  a large  image  S T,  in  the  up- 
per part  of  the  microfcope,  and  this  image  is  viewed  through 
the  glafs  G H in  its  focus  below  at  O. 


rig.  13. 


Now  it  is  eafy  to  underfrand  that  the  image  ST  is  as 
much  larger  than  the  objedl  a b,  as  the  diftance  C A,  exceeds 
the  dilfance  C a from  the  lens.  Suppofe  the  image  S T,  fix 
times  larger  than  the  objedl  a b 5 then  if  it  be  viewed  by  .a  lens 
G H of  one  inch  focal  diftance,  the  image  S T will  appear- 
magnified  fix  times  at  leaf!,  and  therefore  the  objedl  a b, 
will  be  magnified  fix  times  fix,  or  36  times  in  length  ; and 
36  times  36,  or  1296  times  it]  fiirface  ; and  36  times  1296, 
or  46656  times  in  the  bulk  or  folidity.  And  yet  with  thefe 
great  powers  of  magnifying,  tl.e  lens  C may  not  be  of  lefs 
than  half  an  inch  focal  diftance,  in  the  lead  fort  of  com- 

I 

pound  pocket  microfcopes. 


But  with  a finglc  eye-glafs  G H,  we  have  too  fmall  a 
field  of  view,  therefore  we  ufe  two,  viz.  A B and  D E;  the 
firft  contracls  the  image  S T,  into  another,  I M,  which, 
is  lefs,  and  this  is  viewed  by  the  eye  glafs  D E.  Now  both 
thefe  glaftes  may  have  a magnifying  power  equal  to  that  ol 
a given  fingle  glafs  G If  by  this  rule  ; let  their  diftance  be 
equal  to  the  dilFerencc  of  their  focal  lengths,  and  their 

1 1 h magnifying 
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magnifying  power  will  be  equal  to  that  of  a lens  whofc  focal 
diftance  is  half  that  of  the  greater  A B. 

For  example,  fuppofe  the  focal  length  of  A B to  be  two 
inches  i-half,  and  that  of  D E one  inch;  then  if  their  dif- 
ta'ncebe  one  inch  i-half>  their  joint  magnifying  power  will 
be  equal  to  that  of  a Tingle  lens  G H,  whofe  focal  diftance 
is  one  i-4th,  equal  half  that  of  A B.  By  the  two  eye- 
glaffes  the  rays  are  converged  to  the  eye  at  the  compound 
focus  F,  much  lefs  afFe6led  by  the  errors  arifing  from  the 
aberration  of  rays,  both  from  their  different  refrangibility, 
and  the  figure  of  the  glafTes. 


The  Solar,  or  Camera  Ohjeura  Mterojeope. 

THIS  microfeope  depends  on  the  fun-fhine,  and  muff 
be  made  ufe  of  in  a darkened  chamber,  as  its  name  im- 
plies. 

It  is  compofed  of  a tube,  a looking-glafs,  a convex  lens, 
and  Wilfon’s  Tingle  pocket  microfeope  before  deferibed. 

The  Tun*s  rays  being  directed  by  the  looking-glafs  through 
the  tube  upon  the  obje^i,  the  image  or  piiflure  of  the  object: 
is  thrown,  diffindlly  and  beautifully,  upon  a fereen  of  white 
paper,  or  a white  linen  fheet,  placed  at  Tome  diffance  to  re- 
ceive the  fame;  and  may  be  magnified,  to  a Tizc  beyond 
the  imagination  ofthoTe  who  have  not  Teen  it : for  the  far- 
ther off  the  fereen  is  removed,  the  larger  will  the  obje61;  ap- 
pear ; infomuch,  that  a loufe  may  be  magnified  to  the 
leiigth  of  five  or  fix  feet,  or  even  a great  deal  more  : but 

it 
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t is  indeed  more  dldindl,  when  not  enlarged  to  above 
half  that  i\z2. 

The  apparatus  for  this  purpofe,  as  reprefented  in  the 
plate  annexed,  is  as  follows: 

A,  a fqiiare  wooden  frame,  through  which  two  long 
ferews  pals,  and,  afhfted  by  a couple  of  nuts  i.  i.  faften  it 
firmly  to  a window-Ihutter,  wherein  a hole  is  made  for  its 
reception  ; the  two  nuts  being  let  into, the  fliutter,  arid  made 
fafi:  thereto. ' 

A circular  hole  is  made  in  the  middle  of  this  fram.e,  to 
receive  a piece  of  wood  of  a circular  figure  B,  whofe  edge, 
that  projeifs  a little  beyond  the  frame,  compofes  a fliallow 
groove  2,  wherein  runs  a cat-gut  3 ; wliich  by  tvvifling 
round,  and  then  eroding  over  a brafs  pulley  4,  (the  handle 
whereof  5,  pall'es  through  the  frame)  affords  an  eafy  mo- 
tion for  turning  round  the  circular  piece  of  wood  B,  with 
all  the  parts  thereto  affixed, 

C is  a brafs  tube  covered  with  feal-fkin,  which  ferewing 
into  the  middle  of  the  circular  piece  of  wood,  becomes  a 
cale  for  the  uncovered  brafs  tube  D,  to  be  drawn  backwards 
or  forwards  in. 

E a fmallcr  tube  of  about  one  inch  in  length,  ferewed 
to  the  end  of  the  larger  tube  D. 

F is  another  Ihorf  brafs  tube,  made  to  flidc  over  the 
above-dclcribed  tube  J'i.  ”1  o the  end  hereof  the  microfeope 
uuiil  be  ferewed  svlu  n we  come  to  ufe  it. 
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*>»  conv'cx  lens,  whofe  focus  is  nboiit  l\vel\'c  inclics, 
clcfigncd  to  collea  tlic  fun’s  rays,  aiul  throw  tlicnt  more 
Wrongly  upon  the  objed. 

Cj,  a looking-glafs  of  an  oblong  figure,  fet  in  a wooden 
Irame,  faficned  by  hinges  to  the  circtilar  piece  of  w ood  B 
and  turning  about  therewith,  by  means  of  the  above-men- 
tioned catgut. 

K,  a jointed  wire,  partly  brafs  and  partly  iron  : the  brafs 
part  whereof,  which  is  flat  6,  being  faficned  to  the  lookins- 
glafs,  and  the  iron  part,  wdneh  is  round  y,  palling  through 
the  wooden  frame,  enable  the  obferver  (by  putting  it  back- 
wards or  forwards)  to  elevate  or  decline  the  glafs  according 
to  the  fun’s  altitude. 

I , A brafs  ring  at  the  end  of  the  jointed  wire,  whereby 
to  msnage  it  with  greater  eafe. 

» 

N.  B.  The  extremities  of  the  cat-gut  are  faficned  to  a 
brafs  pin,  by  turning  of  which  itin.ny  be  braced  up,  if  at  any 
time  It  becomes  too  flack.  This  pin  lying  behind  could 
not  be  fhown  in  the  pidiire. 


When  this  microfeope  is  employed,  the  room  mtifl  be 
rendered  as  dark  as  poflible:  for  on  the  darknefs  of  the 
room,  and  the  brightnefs  of  the  fun-fliine,  depend  the 
fharpnels  and  perfedlion  of  your  image.  Then  putting  the 
looking-glafs  G through  the  hole  in  your  window'-flnitter, 
faden  tiic  fquarc  frame  A to  th.e  faid  Iluittcr  by  its  two 
fcTcws  and  nuts,  1.  i. 


This 
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Tills  done,  adjuft  your  looklr.g-glafs  to  the  elevation  and 
fituation  of  the  Inn,  by  means  of  the  jointed  wire  H,  toge- 
tiier  with  the  cat-gut  and  pulley  3.  4.  For  the  hrlb  of  ihefe 
railing  or  lowering  the  glafs,  and  the  other  reclining  it  to 
cither  lidc,  there  rcfults  a twofold  motion,  which  may  calily 
be  fo  managed  as  to  bring  the  glafs  to  a right  pofition, 
that  is,  to  make  it  rcBedt  the  fun’s  rays  dircb'tly  through 
the  lens  5,  upon  the  paper  fereen,  and  torm  thereon  a loot 
of  light  exactly  round. 

Though  obtaining  a perfedl  circidar  fpet  of  light  npnn 
the  fcieen  before  ‘you  apply  the  microfeope,  is  a certain 
proof  that  your  looking-glafs  is  adjuded  right,  yet  that 
proof  mufl  not  always  be  expected  : for  the  fun  is  lo  low  m 
winter,  that  if  it  Ihines  in  a diredt  line  againltthe  window, 
it  cannot  then  afiord  a fpot  of  light  exactly  round.  But  if 
it  be  on  eitlur  fide  of  you,  a round  fpot  may  be  obtained 
even  in  December. 

As  foon  as  this  appears,  ferew  the  tube  C into  the  brafs 
collar  provided  for  it  in  the  middle  ol  your  wood-work, 
taking  care  not  to  alter  your  looking-glafs  ; then  ferewing 
themagniher  you  chide  to  employ  to  the  end  ol  your  mi- 
crofeope, in  the  ulual  manner,  take  aw'ay  the  lens  at  the 
Qther  end  thereof,  and  place  a flidcr,  containing  the  oojecl 
to  be  examined,  between  the  thin  brafs  plates,  as  in  the 
other  ways  of  tifing  the  microlcope. 

Things  being  thus  prepared,  ferew  the  body  of  your  mi- 
crofeope to  the  diort  brafs  tube  F",  wdiich  Hip  over  the  Imall 
end  E of  the  lube  F.),  and  pull  our  the  faid  lube  D lels  or 
more,  as  your  objccl  is  capable  of  enduring  the  fun  s heat. 

Dcttd  obj'"dls  may  be  brought  within  about  an  inch  ol  the 

focus 
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focus  of  the  convex  lens  5 ; but  the  diftance  mufl  be  fbort- 
cncd  for  living  creatures,  or  they  will  foon  be  killed. 

If  the  light  falls  not  cxaflly  right,  you  may  cafily,  by  a . 
gentle  motion  of  the  jointed  wire  and  pulley,dire6l  it  through  i 
the  axis  of  the  niicrofcopic  lens. 

The  fiiort  tube  F,  which  your  microfeope  is  ferewed  to, 
enables  you,  by  Aiding  it  backwards  or  forwards  on  the 
other  tube  E,  to  bring  your  objeds  to  their  true  focal  dif-  ' 
tance ; which  will  be  known  by  the  fliarpncfs  and  clcar- 
nefs  of  their  appearance  ; they  may  alfo  be  turned  round  by 
the  fame  means,  without  being  in  the  leaft  difordered. 

'The  magnifiers  moft  ufeful  in  the  folar  microfeope  arct 
in  general,  the  fourth,  Jifth,  or  fixth, 

Mention  having  been  often  made  of  a fejeen  to  throw  the 

images  of  objedls  on,  it  is  proper  to  inform  the  reader,  that 

Inch  a fereen  is  ufually  conapofed  of  a fheet  of  the  largeft 

elephant  paper,  Arained  on  a frame,  which  Aides  up,  or 

doAvn,  or  turns  about  at  pleafure  on  a round,  wooden  pillar, 

in  the  manner  of  fome  fire-fereens.  Larger  fereens  are 

likewife  made  fometimes,  with  feveral  Aieets  of  the  fame 

< • 

paper  paAcd  together  on  cloth,  and  let  down  from  the 
cicling  with  a roller,  like  a large  map. 

This  microfeope  is  the  moA  entertaining  of  any ; and, 
perhaps,  the  moA  capable  of  making  difeoveries  in  objedls 
I tliat  arc  not  too  opake  ; as  it  fhew’S  them  much  larger  than 
can  be  done  any  other  way.  There  are  alfo  feveral  con- 
Ycniencies  attending  it,  w’htch  no  other  microfeope  can 

have 
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hnve  : for  the  weakcft  eyes  may  tile  it  without  the  Icnfl 
rtrainiug  or  fatigue  : niunhers  of  people  may  view  any  ob- 
jeOl,  together,  at  the  fame  time,  and,  by  pointing  to  the 
particular  parts  thereof,  and  difeouriing  on  what  lies  bciore 
them,  may  be  able  better  to  underliand  one  another,  and 
more  likely  to  find  out  the  truth,  than  when,  in  otlier  mi- 
crofeopes,  they  muft  peep  one  after  another,  and  perhaps 
fee  the  obje£l  neither  in  the  fame  light,  nor  the  fame 
pofition.  Such  too  as  have  no  fkill  in  drawing,  may, 
by  this  contrivance,  eafily  Iketch  out  the  exa6l  figure 
of  any  objed  they  have  a mind  to  preferve  a figure  of; 
lince  they  need  only  fallen  a paper  upon  the  Icrec-n,  and 
trace  it  out  thereon  either  with  a pen  or  pencil,  as  it  ap- 
pears before  them. 

It  is  worth  their  while,  who  are  defirous  to  take  m>tiy 
draughts  in  this  way,  to  get  a frame,  v/hereiri  a lliect  of. 
paper  may  be  put  in  or  taken  out  at  pleafure  ; lor  it  the 
paper  be  Tingle,  the  image  of  an  objecl  will  be  feen  «s 
plainly  almoft  on  the  back  as  on  the  other  fide,  and  by 
Handing  behind  the  fereen,  the  lhade  of  the  hand  will  not 
obftrua  the  light  in  drawing,  as  it  rnuU-  m fome  degree 
when  one  Hands  before  it. 

r muft  obferve,  that  Dr.  Liberkhun’s  folar  microicopc 
had  no  looking-glafs  belonging  to  it,  and  therefore  was  of 
life  a few  hours  only  m a day,  when  the  tube  could  be 
placed  direaiy  againit  the  body  of  the  fun,  and  even  then 
not  without  a good  deal  of  trouble  ; but  by  this  lucky  con- 
trivance of  a looking-glals,  the  fun  s rays  may  be  refleaed 

through  the  tube,  whatever  its  height  or  iituailun  be,  pro 
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vklecl  it  Hiines  at  all  upon  the  window,  and  that  tco  with 
mncll  eaie  and  advantage* 


Of  the  Nature  and  Ufe  of  the  Micro?neier  in  viaving  fmaU 

Objects. 

MANY  and  expenfive  have  been  the  dontrivahccs  for 
tncafiiring  fmall  oLjetSls,  in  all  their  dimenfions,  by  that 
inflriinacnt  called,  a micrometer ; I fhall  refer  the  reader  id 
the  fcvcral  writers  on  optics  for  an  account  of  them,  and 
fliall  here  only  propofe  one  other  method,  which  will  come 
cafy,  and  be  very  ready  in  praiSIicc  ; the  conflru6Iion  ol 
which  is  a fufficient  explanation  of  its  rcafon  and  ufe. 

I'he  new  micrometer  is  nothing  more  than  a ftage  (on 
which  the  obje6ls  are  placed)  moveable  by  a fine  ferew 
which  has  a hand  or  fniall  index  palling  over  the  divifions 
of  a graduated  cirole.  A fine  threaded  ferew  is  the  efl'ential 
part  in  all  micrometers,  of  the  befr  or  moll  perfedl  kind. 
This  ferew  was  formerly  placed  in  the  focus  of  the  eye-glafs 
D E,  jiifl:  where  the  image  I M is  formed , but  I found 
this  method  of  applying  it  gave  fome  trouble  in  underfland- 
ing  and  computing  the  dimenfions  taken  by  it  \ and  there- 
fore I have  here  apjilied  to  the  flage,  or  rather  to  the  objeci 
illelf;  wliich  being  attended  with  no  difficidty,  will,  I pre- 
lumc,  render  the  ufe  of  it  more  general  and  pleafant. 

The  upper  part  of  the  microfeope  which  contains  the 
glafs  D E has  a very  fine  wire  in  its  focus,  and  to  it  any 
part  of  the  image  I M may  be  applied  ; or  that  wire  may  be 
applied  to  any  part  of  the  image,  by  a proper  conflrudlion 

of 
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of  the  upper  part  of  the  raicrofcopc  for  that  purpofe.  The 
object  being  then  placed  in  a proper  manner  on  the  ftage, 
the  ferevv  is  to  be  turned,  ’till  the  image  of  the  bbjedl  has 
paifed  its  whole  length  or  breadth  under  the  wire,  and  then 
the  quantity  of  its  dimenfion  will  be  known.  Thus  for 
example  : 


The  number  of  threads  on  the  ferew  in  one  inch  is  fifty 
and  the  number  of  divifions'on  the  circular  plate  is  twenty. 
Therefore  one  thread,  or  one  turn  of  the  ferew,  meafures 
one  fiftieth  part  of  an  inch  ; and  one  divifion  of  the  plate 
•s  one  twentieth  of  one  fiftieth,  that  is  one  thoufandth  part 
of  an  inch.  So  that  fuch  a micrometer  will  very  exaiftly 
mcafure  any  fmall  objecl,  or  its  fmaller  partSj  to  the  thou- 
fandth part  of  an  inchk 


Suppofe  the  fubjefl  were  a mite,  and-  it  were  required 
to  meafure  the  length  thereof  ^ then  I place  it  in  a llider, 
and  that  llider  on  a ftage  in  fuch  a manner,  that  the  mite 
may  move  length-wife  in  the  direftion  of  a ferew,  then  I 
move  or  fet  the  wire  at  right  angles  thereto,  and  fo  as  to 
^ouch  the  image  of  the  mite  at  one  end,  very  exa61:ly. 
This  done,  I turn  the  wire  ’till  the  image  has  palfed  its 
whole  length  under  the  wire  ; and  having  counted  the  turns, 
I find  them  four,  and  fourteen  divifions  of  another;  the 
four  turns  arc  4-fiftieths  or  8o-thoufandths  and  the  fourteen 
divifions  are  14-thoufandths,  fo  that  the  whole  length  of 
the  mite  is  94-thoufandths  part  of  an  inch,  which  is  almoff 
1 -tenth  part  of  an  inch. 

Again,  for  a fecond  example  : fuppofc  you  mcafure  the 
length  of  the  egg  of  a mite,  and  find  one  turn  of  the 
crew,  and  three  divifions  on  the  plate,  carry  it  completely 

I i under 
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tinder  the  wire  ; then  one  revolution  of  the  ferew  is  i-rrf- 
'ticth  or  20-thoufandth,  and  three  divilions  are  3-thon- 
fandth,  fo  the  whole  length  of  the  egg  is  equal  to  23- 
ihonfandth  of  an  inch  ; that  is,  alinolt  one  forty-fourth 
part  of  an  inch  ; or  forty-four  ftich  eggs  of  a mite  will,  if 
laid  contiguoufly  in  a right  line,  be  nearly  equal  to  one 
inch  in  length. 

I may  here  add,  that  the.  micrometer  may  be  eafily  ap- 
plied to  the  folar  microfCope  ; for  let  a fine  Itraight  line  be 
drawn  on  the  fcrccn,  and  the  end  or  fide  of  the  image  be 
placed  to  touch  it,  then  by  turning  the  ferew,  it  will  there- 
by be  mcafured  in  thoufandth  patts  of  an  inch. 

How  great  the  pleaftirc  arlflng  to  the  curious  naturalifts 
mufl  be  in  the  ufe  of  the  micrometer,  meafuring  the 
fmallcll  obje£ls,  may  be  better  conceived  than  expreffed  i 
when  by  this  means  he  acquires  an  idea  of  the  wonderful 
difproportion  there  is  between  the  magnitudes  or  dimen- 
fions  of  the  fmallefi:  and  largefl:  objects  of  the  fame  fpecies; 
as  between  the  finallen;  of  the  finny  fry  and  the  largefl 
whale  ; an  animacule  in  vinegar  and  a rattlefnake  thirty *or 
forty  feet  long.  And  that  the  reader  may  have  a clear  per- 
ception of  fuch  a furprifing  contrafl  in  the  works  of  nature, 
I fliall  here  give  him  a calculation  of  the  comparative  mag- 
nitude of  the  egg  of  a rtiite,  and  that  of  an  oflrich. 

Suppofe  the  length  of  an  oflrich’s  egg  be  five  Inches 
(and  ferae  are  larger) ; alfo  let  the  length  of  the  egg  of  a 
mite  be  one  fiftieth  of  an  inch,  and  fomeare  lefs  than  that ; 
then  the  lengths  of  ihefc  two  eggs  will  be  to  each  other  as 
five  to  one  fiftieth  or  two  hundred  and  fifty  to  one ; then 
as  they  arc  fimilar  bodies,  their  magnitudes  will  be  as  tlie 
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nibcs  of  thefc  numbers,  viz.  as  15625000  to  one:  tint 
is  in  words,  one  egg  of  an  oftrich  is  equal  to  fifteen  mil- 
lion fix  hundred  and  twenty-five  thoufund  eggs  of  a mite. 

And  there  is  great  rcafon  to  believe,  that  there  are  eggs  o 
other  animacules  in  a fiill  greater  degree  Icfs  than  thofe  o 
a mite.  Indeed  the  greatell  ilretch  of  the  human  mind 
js  infinitely  infulficicnt  to  explore  the  amazing  and  incon- 
ceivable gradations  ot  miniaUire  in  every  part  of  nature, 
even  at  their  very  commencement,  and  nothing  but  the 
all-piercing  eye  of  boundlcfs  intelligence  can  fee  through  a 
feries  of  fpeh  infinitely  dccreafing  progrelTions. 

J Diagram  cf  the  Solar  Microjeope. 

LET  A B be  a feclion  of  the  window  fhutter  of  a dark 

1*  M 

rpom,  C D of  the  frame  containing  a fcioptric  ball  E F; 
in  the  forepart  whereof  is  ferewed  the  tube  G I K H,  at 
one  end  of  which  is  a lens  G H,  which,  by  converging 
the  lun-bcams  into  a narrow  compafs,  does  firongly  en- 
lighten the  fmall  objcdl  a b,  placed  on  a flip  of  glafs,  or 
otherwife,  in  the  part  of  the  tube  N Qj  where  a Hit  is 
made  on  each  fide  for  that  purpofe.  Within  this  tube 
there  Aides  another  L m r M,  which  contains  a finaU 
magnifying  lens  m r. 

By  moving  the  exterior  tube  i G H K one  way,  and 
the  other,  the  glafs  G H,  will  be  brought  to  receive  the 
rays  of  the  fun  dircdlly,  and  vvi}l  therefore  mofl:  intcnfely 
illuminate  the  objecSl  a b,  Tiie  otiier  tube  L li,''!,  being 
Aid  backwards  and  forwards,  wdll  adjufl  thediAance  of  the 
fmall  lens  m r,  fo  that  the  image  of  the  objedl  a b Atall 
be  made  very  diiUnifi,  on  the  oppolitc  lidc  of  the  room  at 
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O r ; and  tlic  magnitude  of  th?  image  will  be  to  that  of 
the  object,  as  the  dillancc  from  the  lens  m r is  to  (he  dif- 
lancc  of  the  objcil  from  it,  as  is  evident  from  the  figure. 

/ 

0/  T E L E S C 0 P E S. 

BEFORE  we  enter  upon  the  defcrlption  of  tclefcopcs, 
it  will  be  proper  to  llicw  how  the  rays  of  light  are  ttfteclcd 
by  palling  through  concave  glalTes,  and  alfo  by  falling  upon 
concave  mirrours. 

Tig- j-  When  parallel  rays,  as  abcdefgli,  pafs  diredly 
through  a glafs  A B,  which  is  equally  concave  on  both 
■ 'lides,  they  will  diverge  after  palling  through  the  glafs,  as 
if  they  had  come  from  a radiant  point  C,  in  the  center  of 
the  glafs’s  concavity  ; which  point  is  called  the  negative 
or  virtual  focus  of  the  glafs.  Thus  the  ray  a,  after  palling 
through  the  glafs  A B,  will  go  on  in  the  dire£Iion  k 1,  as 
if  it  had  proceeded  from  the  point  C,  and  no  glafs  been  in 
the  way.  The  ray  b will  go  on  in  the  dire£lion  m n ; the 
ray  c in  the  dire£lion  o p,  he.  The  ray  C,  that  falls  di- 
reclly  upon  the  middle  of  the  glafs,  fullers  no  refra£lion  in 
palling  through  it ; but  goes  on  in  the  fame  redlilincal  di- 
rc^lion,  as  if  no  glafs  had  been  in  its  w'ay. 

If  the  glafs  had  been  concave  only  on  one  fide,  and  the 
Ollier  fide  quite  plane,  the  rays  would  have  diverged,  after 
palling  through  it,  as  il  they  had  come  from  a radiant 
point  at  double  the  dillance  of  C from  the  glafs ; that  is, 
as  il  the  radiant  had  been  at  the  diflancc  of  a whole  dia- 
meter of  the  glafs’s  concavity. 


If 
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If  rays  come  more  converging  to  llich  a glafs,  than 
parallel  rays  diverge  after  palling  through  it,  they  will 
continue  to  converge  after  palling  through  it^;  but  will 
not  meet  fo  foon  as  if  no  glafs  had  been  in  the  way  ; and 
will  incline  towards  the  fame  iide  to  W'hich  they  would 
have  diverged,  if  they  had  come  parallel  to  ihe  glafs.  Thus 
the  rays  f and  h,  going  in  a converging  ftatc  towards  tlie 
edge  of  the  glafs  at  B,  and  converging  more  in  their  way 
to  it  than  the  parallel  rays  diverge  after  palling  through  it, 
they  will  go  on  converging  after  they  pals  through  it, , 
though  in  a lefs  degree  than  they  did  before,  and  wdll 
meet  at  I : but  if  no  glafs  had  been  in  their  way,  they 
w ould  have  met  at  i. 


When  the  parallel  rays,  as  d f a,  C m b,  e 1 c,  fall  upon  rig.  4^ 
a concave  mirrour  A B (which  is  not  tranfparent,  but  has 
only  the  furface  A b B of  a clear  polilh)  they  will  be  re- 
flccfed  back  from  that  mirrour,  and  meet  in  a point  m,  at 
half  the  diflance  of  the  furface  of  the  mirrour  from  C,  the 
center  of  its  concavity : for  they  will  he  reflecSled  at  as 
great  an  angle  from  the  perpendicular  to  the  furface  of  the 
mirrour,  as  they  fell  upon  it,  with  regard  to  that  perpen- 
”dicular ; but  on  the  other  fide  thereof.  T hus,  let  C be 
the  center  of  concavity  of  the  mirrour  A b B,  and  let  the 
parallel  rays  d f a,  C m b,  and  c 1 c,  fall  upon  it  at  the 
points  a b,  and  c.  Draw  the  lines  C i a,  C m b,  and 
C h c,  from  the  center  G to  thele  points ; and  all  thefe 
lines  w'ill  be  perpendictilar  to  the  furface  ol  the  mhrour, 
becaufe  they  proceed  thereto  like  fo  many  radii  or  fpokes 
from  its  center.  Make  the  angle  C a h equal  to  the  angle 
d a C,  and  draw  the  line  am  h,  w'hich  will  be  the  diiec- 
tion  of  the  ray  d fa,  after  it  is  reHcaed  from  the  point  of 

the  mirrour:  fo  that  the  angle  of  incidence  d a C,  is  equal 

to 
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to  tTic  angle  of  rcf]c£lion  C a h ; the  rays  making  equal 
angles  with  the  perpendicular  C i a on  its  oppofitc  Tides. 

Draw  alfo  the  perpendicular  C h c to  the  point  c,  where 
the  ray  c 1 c touches  the  ntirrour ; and,  having  made  the 
angle  C c i,  equal  to  the  angle  C c c,  draw  the  line  c m i, 
which  will  be  the  courfe  of  the  ray  e I c,  after  it  is  reflefted 
from  the  mirrour. 

The  ray  C m b pafTcs  through  the  ccnt,er  of  concavity 
of  the  mirrour,  and  falls  upon  it  at  b,  the  perpendicular 
to  it ; and  is  therefore  rcfleiSIcd  back  from  it  in  the  fame 
limb  b m C. 

All  thefe  reflefted  rays  meet  in  the  point  m ; and  in  that 
point  the  image  of  the  body  which  emits  the  parallel  rays 
d a,  C d,  and  e c,  will  be  formed : which  point  is  dillant 
from  the  mirrour  equal  to  half  the  raflius  b m C of  its 
concavity. 

The  rays  which  proceed  from  any  cejeflial  objeft  maybe 
efleemcd  parallel  at  the  earth  ; and  therefore,  the  images 
of  that  object  will  be  formed  at  m,  when  the  reflecting 
furface  of  the  concave  mirrour  is  turned  direftly  towards 
tlicohjecft.  Hence  the  focus  of  the  parallel  rays  is  not  in 
the  center  of  the  mirrour’s  concavity,  but  half  way  betweep 
the  mirrour  and  that  center. 

The  rays  which  proceed  from  any  remote  tcrrcflri- 
al  objeft,  arc  nearly  parallel  at  the  mirrour  : not  ftri<flly 
fo,  but  come  diverging  to  it,  in  feparate  pencils,  or,  as  it 
were,  bundles  of  rays,  from  each  point  of  the  fide  of  the 
objc£l  next  the  imrrour  j therefore  they  will  not  be  con- 
verged 
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vefgcJ  to  a point,  at  the  dldance  of  half  the  radius  of  ilic 
mirroui’s  concavity  from  its  reflecling  furface  ; but  in  I'e- 
parate  points  at  a little  greater  dillance  from  the  mirr«iir. 

And  the  nearer  the  objedl  is  to  the  mirrour,  the  farther  thefe 
points  will  be  from  it ; and  an  inverted  image  oi  the  ob- 
jed  will  be  formed  in  them,  which  will  feem  to  hang  pen- 
dent in  the  air  : and  will  be  feen  by  an  eye  placed  beyond 
it  (with  regard  to  the  mirrour)  in  all  refpeds  like  the  ob- 
jed,  and  as  diftind  as  the  objeditfelf. 

Let  Ac  B be  the  refleding  furface  of  a mirronr,  whofe  Fig.  f, 
center  of  concavity  is  at  C ; and  let  the  upright  ob- 
jed  D E be  placed  beyond  the  center  C,  and  fend  out  a 
conical  pencil  of  diverging  rays  from  its  upper  extremity 
D,  to  every  point  of  the  concave  furface  of  the  mirrour 
A c B.  But  to  avoid  confulion,  we  only  draw  three  rays 
cf  that  pencil,  as  D A,  D c,  D B. 

From  the  center  of  concavity  C,  draw  the  three  right 
lines  C A,  C c,  C B,  touching  the  mirrour  in  the  fame 
points  where  the  aforefaid  rays  touch  it ; and  all  thefe  lines 
will  be  perpendicular  to  the  fuvfacc  of  the  mirrour.  Make 
the  angle  C A d equal  to  the  angle  D A C,  and  draw  the 
right  line  A d for  the  courfc  of  the  refleded  ray  D A : make 
the  angle  C c d equal  to  the  angle  D C C>  and  draw  the 
right  line  c cl  for  the  courfe  of  the  rcficded  ray  D d ; make 
alfo  the  angle  C B d equal  to  the  angle  D B C,  and  draw 
the  right  light  line  B d for  the  courfe  of  the  refleded  ray 
D B.  All  thefe  refleded  rays  will  meet  in  point  d,  where 
tl’.cy  will  form  the  extremity  d of  the  inverted  image  e d, 
fltinlar  to  the  extremity  D of  the  upright  objed  D E. 


If 
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if  the  pencils  of  rays  E f,  E g,  Eh  be  alfo  continued 
to  the  mirroiir,  and  their  angles  of  reflctflion  from  it  be 
made  equal  to  their  angles  of  incidence  upon  it,  as  in  tlie 
former  pencil  from  D,  they  will  all  meet  at  the  point  e 
by  reflexion,  and  form  the  extremity  c of  the  image  c d, 
limilar  to  the  extremity  E of  the  objciSI  D E. 

And  as  each  intermediate  point  of  the  objcilj  betM’ech  D 
and  E,  fends  out  a pencil  of  rays  in  like  manner  to  every  part 
of  the  mirrour,  the  rays  of  each  pencil  will  be  rcfiecflcd 
back  from  it,  and  meet  in  all  the  intermediate  points  be- 
tween the  extremities  c and  d of  the  image ; and  Ib  the 
whole  image  will  be  formed,  not  at  i,  half  the  diftance 
of  the  mirrour  from  its  center  of  concavity  C ; but  at  a 
greater  diftance,  between  i,  and  the  objc£l  D E ; and  the 
image  will  be  inverted  with  rcfpedl  to  the  objcfl. 

This  being  well  underftood,  the  reader  will-  eaftly  fee 
liow  the  image  is  formed  by  the  large  concave  mirrour  of 
the  refietfting  telefcope,  when  he  comes  to  the  defeription 
of  tliat  inftrumejit. 

When  the  objedl  is  more  remote  from  the  mirrour  than 
its  center  of  concavity  C,  the  image  will  be  lefs  than  the 
objecl,  and  between  the  objedl  and  the  mirrour ; when 
the  object  is  nearer  than  the  center  of  concavity,  the . 
image  will  be  more  remote  and  bigger  than  the  objefl : 
thus,  il  U E be  the  objefl,  e d will  be  its  image,  for,  as 
the  object  recedes  from  the  mirrour,  the  image  approaclies 
nearer  to  it ; and  as  the  objedl  approaches  nearer  to  the 
mirrour,  the  image  recedes  farther  from  it;  on  account  of 
the  leiler  or  greater  divergency  of  the  pencils  of  rays  which 
proceed  from  the  object ; for,  the  lefs  they  diverge,  the 
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fooncr  they  are  converged  to  points  by  rcflctTdon  ; and  the 
more  they  diverge,  the  farther  they  muft  be  reliedled  before 
they  meet. 

If  the  radius  of  the  mirrour’s  concavity  and  the  diftance 
of  the  obje£l  from  it  be  known,  the  diftance  of  the  image 
from  the  mirryur  is  found  by  this  rule  ; divide  the  produiSl 
of  the  dilfance  and  radius  by  double  the  diftance  made  lefs 
by  the  radius,  and  the  quotient  is  the  diftance  required. 

If  the  objedl  be  in  the  center  of  the  mirrour’s  conca- 
tity,  the  image  and  objedl  will  be  coincident,  and  equal 
in  bulk. 

If  a man  places  himfelf  diredlly  before  a large  concave 
mirrour,  but  farther  from  it  than  it’s  center  of  concavity, 
he  will  fee  an  inverted  image  of  himfelf  in  the  air,  between, 
him  and  the  mirrour,  of  a lefs  fize  than  himfelf.  And  if 
he  holds’  out  his  hand  towards  the  mirrour,  the  hand  of 
the  image  will  come  out  towards  his  hand,  and  coincide 
with  it,  of  an  equal  bulk,  when  his  hand  is  in  the  center 
of  concavity ; and  he  will  imagine,  he  may  fhake  hands 
with  his  image.  If  he  reaches  his  hand  farther,  the  hand 
of  the  image  will  pafs  by  his  hand,  and  come  betw'een  his 
hand  and  his  body  : and  if  he  moves  his  hand  towards  ei- 
ther fide,  the  hand  of  the  image  will  move  towards  the 
other;  fo  that  whatever  way  the  obje£l  moves,  the  image 
will  move  the  contrary  way 

All  the  while  a bye-ftandcr  will  fee  nothing  of  the  Image, 
bccaufe  none  of  the  reflected  rays  that  form  it  enter  his 
eyes. 
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If  a fire  be  made  in  a large  room,  and  a fmooth  maho- 
gany table  be  nlaccd  at  a good  diftance  near  the  wall,  be- 
iorc  a large  concave  mirroiir,  fo  placed,  that  the  light  of 
the  fire  may  be  refle6led  from  the  mirrowr  to  its  focus  upon 
the  table;  if  a perfon  Hands  by  th.e  table,  he  will  fee  no- 
thing upon  it  but  a longilh  beam  of  light : but  if  he  Hands  at 
a dillance  towards  the  fire,  not  dire£lly  between  the  fire 
and  mirrour,  he  will  fee  an  image  of  the  fire  upon  the 
table,  large  and  eretSl.  And  if  another  perfon,  who  knows 
nothing  of  this  matter  before-hand,  fiiould  chance  to  coine 
into  the  room,  and  (hould  look  from  the  fire  towards  the 
table,  he  would  be  Hartled  at  the  appearance  ; for  the 
table  would  feem  to  be  on  fire,  and  by  being  near  the 
wainfeot,  to  endanger  the  whole  houfe.  In  this  experi- 
ment, there  Ihould  be  no  light  in  the  room  but  what  pro- 
ceeds from  the  fire  ; and  the  mirrour  ought  to  be  at  leaf! 
fifteen  inches  in  diameter.  ■.  . 

If  the  fire  be  darkened  by  a fereen,  and  a large  candle 
be  placed  at  the  back  of  the  fcrccn  ; a perfon  Handing  by 
the  candle  will  fee  the  appearance  of  a fine  large  Har,  or 
rather  planet,  upon  the  table,  as  bright  as  Venus  or  Ju- 
piter. And  if  a fmall  wax  taper  (whofe  flame  is  much 
lefs  than  the  flame  of  the  candle)  be  placed  near  the  candle, 
a fatellite  to  the  planet  will  appear  on  the  table:  and  if 
the  taper  be  moved  round  the  candle,  the  fatellite  will  go 
round  the  planet. 


The  RefraSllng  Telefcope. 

IN  a refra6ling  telefcope,  the  glafs  W'hich  is  neareH  the 
objedf  in  viewing  it,  is  called  the  objcdl  glafs ; and  that 

which 


[C  s 


USEFUL  KNOWLEDGE. 


251 


which  is  neareft  the  eye,  is  called  the  eyc-glafs.  Tlie  oh- 
je<fd-glars  mud  be  convex,  but  th.e  eye-glafs  may  be  either 
<onvex  or  concave:  and  generally,  in  looking  through  a 
telcfcopc,  the  eye  is  in  the  focus  of  the  eyc-glals  ; though 
that  It  is  not  very  material : for  the  didance  ol  the  eye,  as 
to  didindf  vifion,  is  indid'erent,  provided  the  rays  ol  the 
pencils  fall  upon  it  parallel  : only,  the  nearer  the  eye  is  to 
the  end  of  the  telefcopc,  tire  larger  is  the  fcope  or  area  of 
the  field  of  view. 

Let  c d be  a conv'ex  glafs  fixed  in  a long  tube,  and  have 
its  focus  at  E.  Then,  a pencil  of  rays  g h i,  flowing  from 
the  upper  extremity  A of  the  remote  objeft  A B,  will  be 
fo  refradfed  by  palfing  through  the  glafs,  as  to  conv^erge 
and  meet  in  point  f ; whild  the  pencil  of  rays  k 1 m flow- 
ing from  the  lower  extremity  B,  of  the  fame  objedl  A B, 
and  pairing  through  the  glafs,  will  converge  and  meet  in 
the  point  e : and  the  images  of  the  points  A and  B,  will 
be  formed  in  the  points  f and  e.  And  as  all  the  interme- 
diate points  of  the  objedl,  between  A and  B,  fend  out 
pencils  of  rays  in  the  fame  manner,  a fudicient  number  of 
thefe  pencils  will  pafs  through  the  objecfl  glafs  c d,  and 
converge  to  as  many  intermediate  points  between  e and  f; 
and  fo  will  form  the  whole  inverted  image  e E f , of  the 
didin£l  object.  But  bccaiile  this  image  is  fmall,  a con- 
cave glafs  n o is  fo  placed  in  the  end  of  the  tube  next  the 
eye,  that  its  virtual  focus  may  be  at  F,  And  as  the  rays 
of  the  pencils  pafs  converging  through  the  concave  glafs, 
but  converge  lefs  after  palling  tlirough  it  than  before,  they 
go  on  further,  as  to  b and  a,  before  they  meet  ; and  the 
pencils  themfelycs  being  made  to  diverge  by  palling  througli 
the  concave  glafs,  they  enter  the  eye,  and  form  the  larj^c 
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pifturc  a b upon  the  retina,  wlicreon  it  is  magnified  under 
the  angle  b P'  a. 

But  this  telefcope  has  one  inconveniency  which  renders 
' it  unfit  for  mofi:  purpofes,  which  is,  that  the  pencils  of  rays 
being  made  to  diverge  by  palling  through  the  concave  glafs 
n o,  very  few  of  them  can  enter  tlie  pupil  of  the  eye  ; and 
therefore  the  field  of  view  is  but  very  Imall,  as  is  evident 
by  the  figure.  For  none  of  tlie  pencils  which  flow  either 
from  the  top  or  bottom  of  the  objed  A B can  enter  the 
pupil  ot  the  eye  at  C,  but  are  all  llopt  by  falling  upon  the 
iris  above  and  below  the  pupil : and  therefore  only  the 
middle  part  of  the  objcdl  can  be  leen  when  the  telefcope 
lies  directly  towards  it,  by- means  of  thofe  rays  which  pro- 
ceed from  the  middle  of  the  objed.  So  that  to  fee  the 
whole  of  it,  the  telefcope  mufl;  be  moved  upwards  and 
downwards,  unlefs  the  objed  be  very  remote;  and  then 
it  is  never  feen  diltindly. 

Fig- 2.  This  inconvenience  is  remedied  by  fubflitnting  a con- 
vex eye-glafs,  as  g h,  in  place  of  the  concave  one ; and 
fixing  it  lo  in  the  tube,  that  its  focus  may'  be  coincident 
with  the  focus  of  the  objed  glafs  c d,  as  at  E.  For  then, 
the  rays  of  the  pencils  flowing  from  the  objed  A B,  and 
palling  through  the  objed  glafs  c d,  will  meet  in  its  focus, 
and  form  the  inverted  image  m.E  p,  and  as  the  image  is 
formed  in  the  focus  of  the  eye  glafs  g h,  the  rays  of  each 
^ pencil  will  be  parallel,  after  palling  through  that  glafs  ; 
but  the  pencils  themfelves  will  crofs  in  its  focus,  on  the 
other  fide,  as  at  e:  and  the  pupil  of  the  eve  being  in  this 
focus,  the  image  will  be  viewed  through  the  glafs,  under 
the  angle  g e h ; and  being  at  E,  it  will  appear  magnified, 
lo  as  to  fill  the  whole  fpacc  C m e p D. 


But 
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But,  as  this  tclefcope  inverts  the  image  with  refpc£l  to 
the  oqjcel,  it  gives  an  iinpleafant  view  of  terreftrial  ob- 
je<rts ; and  is  only  fit  for  viewing  the  heavenly  bodies,  in 
whicli  we  regard  not  their  pofition,  becaufe  their  being  in- 
verted does  not  appear,  on  account  of  their  being  round. 
But  whatever  way  the  obje6l  feems  to  move,  this  tele- 
fcope  mud  be  moved  the  contrary  w'ay,  in  order  to  keep 
fight  of  it ; for,  fince  the  obje^S^;  is  inverted,  its  inotioa 
will  be  fo  too. 

The  magnifying  power  of  this  telefcope  is,  as  the  focal 
didance  of  the  objedl  glafs  to  the  focal  didance  of  the  eye 
glafs.  Therefore,  if  the  former  be  divided  by  the  latter, 
the  quotient  will  exprefs  the  magnifying  power. 

• When  w'e  fpeak  of  magnifying  by  a telefcope  or  micro- 
fcope,  it  is  only  meant  with  regard  to  the  diameter,  not  to 
the  area  or  folidity  of  the  obje6l.  But  as  the  indrument 
magnifies  the  vertical  diameter,  as  much  as  it  does  the 
horizontal,  it  is  eafy  to  find  how  much  the  whole  vifible 
area  or  furface  is  magnified : for,  if  the  diameters  be  mul- 
tiplied into  one  another,  the  prodw£l  will  exprefs  the  mag- 
nification of  the  wdiole  vifible  area.  Thus,  fuppofe  the 
focal  didance  of  the  obje£l- glafs  be  ten  times  as  great  as 
the  focal  didance  of  the  eye-glafs  ; then,  the  obje£l  will 
be  magnified  ten  times,  both  in  length  and  breadth  : and 
ten  multiplied  by  ten,  produces  one  hundred ; which 
diews,  that  the  area  of  the  objeft  will  appear  one  htin- 
dred  times  as  big  when  feen  through  fuch  a telefcope,  as  it 
does  to  the  bare  eye, 

Hence  it  appears,  that  if  the  focal  didance  of  the  cye- 
glafs,  were  equal  to  the  focal  didance  of  the  objed- 

glafs, 
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glafs,  the  magnifying  power  of  the  telcfcope  would  be 
nothing. 

This  telefcope  may  be  made  to  magnify  in  any  given 
degree,  provided  it  be  of  a fufheient  length.  For,  the 
greater  the  focal  diftance  of  the  objed-glafs,  the  lefs 
may  be  the  focal  diftance  of  the  eyc-glafs  ; though  not  di- 
redly  in  proportion.  Thus,  an  objccl-glafs  of  ten  feet 
focal  diftance,  will  admit  of  an  cye-glafs  whofe  focal  dif- 
tance  is  little  more  than  two  inches  and  a half ; which  will 
magnify  near  forty-eight  times  ; but  an  objcdl-glafs,  of  one 
hundred  feet  focus,  will  require  an  cye-glafs  fomewhat 
more  than  fix  inches ; and  will  therefore  magnify  almofl: 
two  hundred  times. 

A telefcope  for  viewing  tcrrcflrial  objeds,  fhould  be  fo  < 
conflrufted,  as  to  fliew  them  in  their  natural  pofture.  And 
this  is  done  by  one  obje<fl-glafs  c d,  and  three  cye-glalfes, 
c f,  g h,  i k,  fo  placed,  that  the  diftance  between  any 
two,  which  are  neareft  to  each  other,  may  be  equal  to  the 
fum  of  their  focal  diflances ; as  in  the  figure,  wdiere  the 
focus  of  the  glaffes  c d and  c f meet  at  F,  thofe  of  the  glafies 
e f and  g h,  meet  at  1,  and  of  g h and  i k,  at  m ; the  eye 
being  at  n,  in  or  near  the  focus  of  the  eye  glafs  i k,  on 
the  other  fide.  Then,  it  is  plain,  that  thefe  pencils  of 
rays  which  flow  from  the  obje£l  A B,  and  pafs  through  the 
obje6l-glafs  c d,  will  meet  and  form  an  inverted  image  C 
F D in  the  focus  of  that  glafs;  and  the  image  being  alfo 
in  the  focus  of  the  glafs  e f,  the  rays  of  the  pencils  will  be- 
come parallel,  after  paffing  through  that  glafsf  and  crofs  at 
1,  in  the  focus  of  the  glafs  e f ; from  whence  they  pafs  on 
to  the  next  glafs  g h,  and  by  going  through  it  they  are  con- 
verged to  the  points  in  its  other  focus,  w'here  they  form  an 

ereiR 
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ere£l  image  E m F,  of  the  objed  AB;  and  as  this  image 
is  alCo  in  tite  focus  of  the  eye-g'.afs  i k,  and  the  eye  on  the 
oppolitc  fide  of  the  fame  glal's ; the  image  is  viewed  thro’ 
the  eye-glafs,  in  tliis  telcfcope,  in  the  fame  manner  as 
tltrough  the  eye-glafs  in  the  former  one ; only  in  a con- 
trary pofition,  that  is,  in  the  fame  pofition  with  the 
object.  * ^ 

The  three  ’glalTes  next  the  eye,  have  all  their  focal 
diflances  equal : and  the  magnifying  power  of  this  tele- 
fcope  is  found  the  fame  way  as  that  of  the  laft  above ; viz. 
by  dividing  the  focal  diflance  of  the  objc£l-glafs  c d,  by  the 
focal  diftance  of  the  eye-glafs  i k,  or  g h,  or  e f,  fmee  all 
thefe  three  are  equal. 

When  the  rays  of  light  are  feparated  by  refradlion,  they  why  the 
become  coloured,  and  if  they  be  united  again,  they  will  pei^fco-' 
be  a perfect  white.  But  thofe  rays  which  pafs  through 
convex  elafs,  near  its  eda:es  are  more  unequally  refracted  than  through  a 

• r , r A I u telercope. 

thofe  which  are  nearer  the  middle  of  the  glafs.  And  when 
the  rays  of  any  pencil  are  unequally  refra6fcd  by  the  glafs, 
they  do  not  all  meet  again  in  one  and  the  fame  point,  but 
in  feparate  points  ; which  makes  the  object  indiftinft,  and 
coloured  about  the  edges.  The  remedy  is,  to  have  a plate 
with  a fmall  round  hole  in  its  middle,  fixed  in  the  tube  at 
m,  parallel  to  theglafTes.  For,  the  wandering  rays  about 
the  middle  of  the  glaffes  will  be  ftopt,  by  the  plate,  from 
coming  to  the  eye  ; and  none  admitted  but  thofe  which 
come  through  the  middle  of  the  glafs,  or  at  lealt  at 
a good  diflance  from  its  edges,  and  pafs  through  a hole  in 
the  middle  of  the  plate.  But  this  circumferibes  the  image, 
and  leffcnsthe  field  of  view,  which  would  be  much  larger 
if  the  plate  could  be  difpenfed  with. 


The 
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The  Binocular,  or  Double  Tekfcope. 

BESIDES  the  telcfcopes  defcribed  before,  there. is  alfo 
one  called  a binocular,  or  double  tdefcope.  This  is  no 
more  than  two  evqiial  telefcopcs  fet  in  a frame,  parallel  to 
one  another  ; and  thefc  may  be  fet  at  a proper  diftahcc  from 
one  aiiother,  bv  the  help  of  fcrcws : and  that  diHance  is  to 
be  the  fame,  as  the  dillancc  of  the  two  pupils  of  the  eyes. 
When  that  is  adjiifled,  a perfon  is  to  look  through  them 
both  at  once ; through  one  with  cacli  eye,  to  any  objecR ; 
which  will  then  be  feen  by  both  eyes,  and  appear  far 
brighter  than  through  a I'lngle  tclcfcope. 

All  telefcopcs  in  general  rcprefcnt  all  terrcflrial  objeds 
to  be  nearci  hand,  but  not  larger  j and  this  nearnefs,  vici- 
nity, or  feemingapproach  of  the  objea,  is  as  the  magni- 
lying  power  of  the  telcfcope.  Thus  looking  at  a man  one 
bundled  yards  off,  with  a telcfcope  that  magnifies  one  hun- 
dred times  ; the  man  will  appear  to  be  no  bigger,  but  will 
feem  only  to  be  a yard  ofBj  and  the  like  of  other  objeas 
fituated  on  the  earth. 

The  magnifying  power  of  a telcfcope,  will  be  found  if 
you  make  two  equal  circles  of  paper  of  an  inch  diameter 
or  more,  and  fix  one  of  them  upon  a wall  one  hundred  or 
two  hundred  yards  diflant  ;‘and  the  other  at  a fmall  dif- 
tance,  in  a line  with  the  firfi:.  Then  look  at  the  further 
circle  through  the  telcfcope  with  one  eye,  and  at  the  near 
ciicle  with  the  other  eye  naked.  Move  the  near  circle  (or 
elfe  the  telefcope)  back  and  forward,  till  the  two  circles 
appear  equal,  or  coincide.  T.'hen  mcafure  the  two  dif- 
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tanccs,  from  the  eye-glafs  of  the  telefcopc  to  the  two 
circles  ; then  divide  the  greater  diflance  by  the  lelfer,  and 
you  have  the  magnifying  power  of  the  telefcope. 


T<5  try  the  Goodnejs  of  an  Ohjedi  Glafs. 

THERE  is  no  better  way  for  trying  the  goodnefs  of  an 
objcdl  glafs  than  putting  it  in  a tube,  and  trying  it  with 
feveral  fmall  eye-glalTes,  by  looking  at  feveral  diftant  ob- 
je£ls,  and  particularly  at  the  title  page  of  a book.  For 
that  glafs  which  reprefents  objeds  the  mofl;  bright  and  dif- 
tind,  and  bears  the  greateft  aperture,  and  the  fhorteft  eye- 
glafs,  without  colouring  or  dimnefs,  is- the  beft  glafs. 

If  feveral  telefcopes  of  the  fame  length  be  compared  to- 
gether, thofe  are  the  beftj  wi^h  which  you  can  read  the 
fame  print,  at  the  greateft  diftance.  And  this  may  be  a 
rule  for  thofe  that  buy  telefcopes,  by  which  they  may 
know  how  to  chufe  the  beft. 

There  are  four  principal  things  in  a telefcope  to  be  con-' 
fidered : i.  Magnifying  power.  2.  Diftindnefs.  3. 

Brightnefs.  4.  The  vifible  angle,  or  linear  view  it  takes 
in. 
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Table  of  the  focal  DiJianceSy  Apertures,  and  magnifying 
Poivers  of  Refracting  Telejcopes. 


Foe. 

obj. 

glafs 

aper. 

obj. 

glafs 

Foe. 

eye 

jlafs. 

mag. 

pow- 

er. 

Feet. 
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1 

•54 
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lO 
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3-25 

1 10 

35 
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40 
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45 
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55 

4.00 
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60 
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70 
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80 
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90 

5-13 
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5.91 
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The  RefeBh;g  Telejcope. 

\ 

THE  great  inconvenience  attending  the  management  of 
long  telefcopes  of  the  refradfing  kind,  has  brought  them 
much  into  difufe  ever  fince  the  refiefting  telefcope  was  in- 
vented. For  one  of  this  fort,  fix  feet  in  length,  magnifies 
as  much  as  one  of  the  other  at  an  hundred.  It  was  in- 
vented by  Sir  Ifaac  Newton,  but  has  received  confiderable 
improvements  fince  his  time  ; and  is  now  generally  con- 
ftrufted  in  the  following  manner,  which  was  firft  propofed 
by  Dr.  Gregory. 

At  the  bottom  of  the  great  tube  T T T T,  is  placed  ^ 
the  large  concave  mirrour  D U V F,  whofe  principal  focus 
is  at  m ; and  in  its  middle  is  a round  hole  P,  oppofite  to 
which  is  placed  the  fmall  mirrour  L,  concave  toward  the 
great  one;  and  fo  fixed  to  a ftrong  wire  M,  that  it  may  be 
moved  farther  from  the  great  mirrour,  or  nearer  to  it,  by 
means  of  a long  ferew  on  the  outlide  of  the  tube,  keeping 
its  axis  ftill  in  the  fame  line  P m n with  that  of  the  great 
one.  Now,  fince  in  viewdnga  vciy  remote  objeH,  we  can 
fcarce  lee  a point  of  it  but  what  is  at  leaf!  as  broad  as  the 
great  mirrour,  we  may  confider  the  rays  of  each  pencil, 
which  flow  from  every  point  of  the  objeft,  to  be  parallel  to 
each  other,  and  to  cover  the  whole  rcfledling  furtace  D U 
V F.  But  to  avoid  confufion  in  the  figure,  we  fliall  only 
draw  two  rays  of  a pencil  flowing  from  each  extremity  of 
the  objedl  into  the  great  tube,  and  trace  theii  progiefs, 
through  all  their  refleifions  and  retradlions,  to  the  eye  f,  at 
the  end  of  the  fmall  tube  t t,  which  is  joined  to  the  gieat 
one. 
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Let  us  tlien  fuppofe  the  objcfl  A B to  be  at  fuch  a dif- 
tance,  that  the  rays  G may  flow  from  its  lower  extremity 
B,  and  the  rays  E from  its  upper  extremity  A.  Then  tlie 
rays  C falling  parallel  upon  the  great  mijrour  at  D,  will 
be  thence  reflc£lcd,  converging  in  the  diredlion  D G;  and 
by  crofling  at  I in  the  principal  focus  of  the  mirrour,  they 
will  form  the  upper  extremity  I of  the  inverted  image  I K, 
fimilar  to  the  lower  extremity  B of  the  objc<5l  A B : and 
paflingonto  the  concave  mirrour  L (whofe  focus  is  at  n) 
they  will  fall  upon  it  at  g,  and  be  thence  refledled  converging, 
in  the  dire6lion  g N,  becaufe,  g m is  longer  than  g n ; and 
pairing  through  the  hole  P in  the  large  mirrour,  they  would 
meet  fomewhere  about  r,  and  form  the  lower  extremity  d 
of  the  eredl  image  a d,  fimilar  to  the  lower  extremity  B of 
the  objedl  A B.  But  by  palling  through  the  plano-convex- 
glafs  Rin  their  way,  they  form  that  extremity  of  the  image 
at  b.  In  like  manner,  the  rays  E,  which  come  from  the 
top  of  the  objedl  A B,  and  fall  parallel  upon  the  great  mir- 
rour at  F,  are  thence  reflected  converging  to  its  focus, 
where  they  form  the  lower  extremity  K of  the  inverted 
image  I K,  fimilar  to  the  upper  extremity  A of  the  obje£l 
A B;  and  thence  palling  on  to  the  fmafl  mirrour  L,  and  fall- 
ing upon  it  at  h,  they  are  thence  refleited  in  the  converging 
Hate  h O ; and  going  on  through  the  hole  P of  the  great 
mirrour,  they  would  meet  fomewhere  about  q,  and  form 
there  the  upper  extremity  a of  the  ered  image  a d,  fimilar 
to  the  upper  extremity  A of  the  obje.^l  A B : but  by  palling 
through  the  convex-glafs  R in  their  way,  they  meet  and 
crofs  fooner,  as  at  a,  where  that  point  of  the  ereifl;  image  is 
formed.  The  like  being  undcrllood  of  all  thofe  rays  which 
flow  from  the  intermediate  points  of  the  obje61:,  between  A 
and  B,  and  enter  the  tube  T T ; all  the  intermediate  poinjs  ^ 
pi  the  image  between  a and  b will  be  formed : and  the  ra)  § 
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pafling  on  from  tlie  image  through  the  eye-glafs  S,  and 
through  a fmall  hole  e in  the  end  of  the  lelTer  tube  t t,  they 
enter /the  eyef,  which  fees  the  image  a d (by  means  of  the 
eye-glafs)  under  the  large  angle  c e d,  and  magnified  in 
length,  under  that  angle  from  c to  d. 

In  the  bfcfl;  reflecting  tclefcopcs,  the  focus  of  the  fmall 
mirrour  is  never  co-incident  with  the  focus  m of  the  great 
one,  where  the  firR  image  I K is  formed,  but  a little  beyond  it 
( with  refpeCt  to  the  eye)  as  at  n:  the  confequence  of  which 
is,  that  the  rays  of  the  pencils  will  not  be  parallel  after  re- 
flection from  the  fmall  mirrour,  but  converge  fo  as  to  meet 
in  points  about  q,  e,  r ; where  they  will  form  a larger  up- 
right image  than  a d,  if  the  glafs  R was  not  in  their  way : and 
this  image  might  be  viewed  by  means  of  a Angle  eye-glafs 
properly  placed  between  the  image  and  the  eye:  but  then 
the  field  of  view'  would  be  lefs,  and  confequently  not  fo 
pleafant ; for  which  reafon,  the  glafs  R is  Rill  retained,  to 
enlarge  the  fcope  or  area  of  the  field, 

I'o  find  the  magnifying  power  of  this  telefcope  multiply 
the  focal  diRance  of  the  great  mirrour  by  thediRance  of  the 
fmall  mirrour  from  the  image  next  the  eye,  and  multiply 
the  focal  diRance  of  the  fmall  mirrour  by  the  focal  diRance 
of  the  eye-glafs  : then,  divide  the  produCl  of  the  former 
multiplication  by  the  produCl  of  the  latter,  and  the  quotient 
will  exprefs  the  magnifying  power, 

I fhall  here  fet  down  the  dimcnfions  of  one  of  Mr, 
Short’s  reflecling  telefcopes,  as  deferibed  in  Dr.  Smith’s 
optics. 

The  focal  diRance  of  the  great  mirrour  9.6  inches,  its 
breadth  2,3;  the  focal  diRance  of  the  fmall  mirrour  1.5, 

its 
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its  breadth  0.6:  the  breadth  of  the  hole  in  the  great  mir- 
rouro,5;  the  dillance  between  the  Imall  mirrour  and  the 
next  eye-glafs  14.2;  the  diftance  between  the  two  eye- 
glaffes  2_.4;  the  focal  didance  of  the  eyc-glafs  next  the 
metal  3.8;  and  the  focal  diftance  of  the  eye-glafs  next  the 
eve  1. 1. 

...  One  great  advantage  of  the  refleaing  telefcope  is,  that 
it  will  admit  of  an  eyc-glafs  of  a much  fliortcr  focal  dif- 
rance  than  a refriding  telefcope  will ; and,  confcquently, 
it  will  magnify  fo  inuch  the  more : for.  the  rays  are  not  co- 
loured by  reflexion  from  a concave  mirrour,  if  it  be  ground 
to  .-a  true  figure,  as  they  are  by  palling  through  a convex- 
glafs,  let  it  be  ground  ever  fo  true. 

The  adjufting  ferew  on  the  outfide  of  the  great  tube  fits 
this  telefcope  to  all  forts  of  eyes,  by  bringing  the  fmall 
mirrour  cither  nearer  to  the  eye,  or  removing  it  farther : 
by  w'hich  means  the  rays  arc  made  to  diverge  a little,  for 
fliort-fightcd  eyes,  or  to  converge  for  thofeofa  long-fight. 

The  nearer  an  objea  is  to  the  telefcope,  the  more  its 
pencils  of  rays  will  diverge  before  they  fall  upon  the  great 
mirrour,  and  therefore  they  wdll  be  the  longer  of  meeting 
in  points  after  retledion  ; fo  that  the  firft  image  I K will 
be  formed  at  a greater  diftance  from  the  large  mirrour, 
when  the  obje£l  is  near  the  telefcope,  than  when  it  is 
very  remote.  But  as  this  image  muft  be  formed  farther 
from  the  fmall  mirrour  than  its  principal  focus  n,  this 
mirrour  muft  be  always  fet  at  a greater  diftance  from  the 
large  one,  in  viewing  near  objeefts,  than  in  viewdng  remote 
ones.  And  this  is  done  by  turning  the  ferew  on  the  out- 
fide of  the  tube,  until  the  fmall  mirrour  be  fo  adjufted,  that 
the  objedt  (or  rather  its  image)  appears  perfedl. 
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In  looking  through  any  tclcfcopc  towards  an  objeil,  wc 

never  fee  the  obje£l  itfelf,  but  only  that  image  of  it  which 

is  formed  next  the  eye  in  the  tclefcope.  For,  if  a man 

holds  his  finger  or  a Itick  between  his  bare  eye  and  an  ob- 

jedt,  it  will  hide  part  (if  not  the  whole)  of  the  objcdl  from 

/ 

his  view.  But  if  he  ties  a flick  acrofs  the  mouth  of  a telc- 
fcope,  before  the  objedl-glafs,  it  will  hide  no  part  of  the 
imaginary  objedl  he  faw  through  the  telefcope  before,  un- 
lefs  it  covers  the  whole  mouth  of  the  tube  : for,  all  the 
effedl  will  be,  to  make  the  objedl  appear  dimmer,  becaufe 
it  intercepts  part  of  the  rays.  Whereas,  if  he  puts  only  a 
piece  of  wire  acrofs  the  infide  of  the  tube,  between  the  eye- 
glafs  and  his  eye,  it  will  hide  part  of  the  objedj:  which  he 
thinks  he  fees ; which  proves  that  he  fees  not  the  real  ob- 
jedl,  but  its  image.  This  is  alfo  confirmed  by  means  of 
the  fmall  mirrour  L,  in  the  refledling  telefcope,  which  is 
made  of  opake  metal,  and  Hands  diredlly  between  the  eye 
and  the  objedl  towards  which  the  telefcope  is  turned ; and 
will  hide  the  whole  object  from  the  eye  at  e,  if  the  two 
glafies  R and  S arc  taken  out  of  the  tube. 


263 


J rahle 


264 


AN  INTRODUCTION  TO 


A Tab-l-b  of  the  Apertures,  Powers,  iAc.  of  Telef copes  of  the 
the  I^cwtontan  ConJlruStion,  tn  which  the  Figure  of  the  ^rccit 
• Metal  is  juppojed  to  he  truly  Spherical. 


As 
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' AS  telefcopes  of  Sir  Ifaac  Newton’s  confttuftion  are 
now  found  (particularly  by  the  late  cxquifite  obfervations 
of  Mr.  Herfchell)  to  perform  moft  excellently  in  the  fninu^ 
iia  of  agronomy,  efpecially  if  fmall  apertures  and  long  foci 
are  made  ufe  of,  I have  added  the  foregoing  table  chiefly 
taken  from  Dr.  Smith’s  optics,  and  have  continued  it  from 
17  to  24.  feet  focal  diftance  of  the  great  mirrour : I have 
allb  annc.Ved  to  it  Sir  Ifaac  Newton’s  numbers,  by  means 
of  which  the  apertures  of  refleding  telefcopes  of  any  con- 
flrublion  may  be  eafily  computed.  See  appendix  to  Gre- 
gory’s optics. 

It  may  be  neceflary  to  mention  that  the  preceding  table 
Was  conflrubfed  by  ufing  the  dimenfions  of  the  middle 
aperture  and  power  of  Mr.  Hadley  s excellent  J^ewtoman 
telefcope  as  a ftandard  \ viz.  the  focal  diftance  of  great  mir- 
rour 624  inches ; aperture  of  concave  metal  5 inches,  and 
power  208  times.  Mr.  Herfchell  chiefly  makes  ufe  of  a 
Newtonian  refledlor,  the  focal  diftance  of  whofe  great 
mirrour  is  7 feet,  its  aperture  6.25  inches,  and  powers 
227  and  460  times;  though  fometimes  he  ufes  a power 
, of  6450  for  the  fixed  ftars ; but  he  is  now  confiruding  a 
telefcope  which  will  infinitely  exceed  the  former. 

If  the  metals  of  a "bJevotonum  telefcope  are  worked  as  ex- 
quifitely  as  thofe  in  Mr.  Herfchell’s  7 reflector,  the 
higheft  power  that  fuch  a telefcope  fliould  bear  with  per- 
fc£l  diftindtnefs  will  be  given  by  multiplying  the  diameter 
of  the  great  fpeculum  by  74;  and  the  focal  diftance  of  the 
fingle  cyc-glafs  may  be  found  by  dividing  the  local  diftance 
of  the  great  mirrour  by  the  magnifying  power  ; thus  6.25 
mriltiplicd  by  74  is  462  tlie  magnifying  power;  and 
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7 multiplied  by  i 2 and  divided  by  462  is  0.182  of  an 
inch,  the  focjil  diftance  of  the  fingle  eye-glafs  required. 
To  this  I fhall  add. 
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The  Multiplying  Chtfs. 

PlateX' 

THE  multiplying  glufs  is  made  by  grinding  down  the  pig.  i. 
round  lide  h i k of  a convex  glafs  A B into  feveral  flat  fur- 
faces,  as  h b,  bid,  d k.  An  obj  £1  C will  not  appear 
magnified,  when  feen  through  this  glafs,  by  the  eye  at  H ; 
but  it  will  appear  multiplied  into  as  many  diiferent  objeds 
as  the  glafs  contains  plane  furfaces.  For,  fince  rays  will 
flow  from  the  objedl  C to  all  parts  of  the  glafs,  and 
each  plane  furface  will  refraT  thefe  rays  to  the  eye,  the 
fame  objedb  will  appear  to  the  eye,  in  the  dire£lion  of  the 
rays  which  enter  it  through  each  furface.  Thus,  a ray 
g i H,  falling  perpendicularly  on  the  middle  furface  will  go 
through  the  glafs  to  the  eye,  without  fuffering  any  refrac- 
tion; and  will  therefore  iTiew  the  obje£l  in  its  true  place 
at  C : whilfl;  a ray  a b flowing  from  the  fame  objedl,  and 
falling  obliquely  on  the  plane  furface  b h,  will  be  refra6led 
jn  the  diredlion  b e,  by  pafling  through  the  glafs ; and  upon 
leaving  it,  will  go  on  to  the  eye  in  the  direftion  e H ; 
which  will  caufe  the  fame  objedl  C to  appear  alfo  at  E,  in 
the  diredion  of  the  ray  H e,  produced  in  the  right  line 
Hen.  And  the  ray  c d,  flowing  from  the  objed  C,  and 
falling  obliquely  on  the  plane  furface  d k,  will  be  refra£led 
(by  pafling  through  the  glafs  and  leaving  it  at  f)  'to  the  eye 
at  H ; which  will  caufe  the  fame  obje^l  to  appear  at  D,'in 
the  direftion  H f m.  If  the  glafs  be  turned  round  the  line 
g 1 H,  as  an  axis,  the  obje6l  C will  keep  its  place,  becaufe 
the  furface  b 1 d is  not  removed ; but  all  the  other  objedbs 
will  feem  to  go  round  C,  bccaufe  the  oblique  planes,  on 
which  the  rays  a b,  c d fall,  will  go  round  by  the  turning 
of  the  glafs.  * 
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The  Camera  Objcitra. 

THE  camera  obfcura  is  made  by  a convex  glafs  G D, 
placed  in  a hole  of  a window-fhutter.  Then,  if  the  room 
be  darkened  fo  as  no  light  can  enter  but  what  comes  through 
the.  glafs,  the  pictures  of  all  the  objefts  (as  fields,  trees, 
buildings,  men,  cattle,  &c.)  on  the  outfidc,  will  be  (hewn 
in  an  inverted  order,  on  a white  paper,  placed  at  G H in 
the  focus  of  the  glafs;  and  will  afford  a mofl:  beautiful  and 
perfeft  piece  of  perfpedlive  or  landfcape  of  whatever  is  be- 
fore the  glafs:  efpecially  if  the  fun  fhines  upon  the  objedls. 

If  the  convex  glafs  C D be  placed  in  a tube  in  the  fide 
of  a fquare  box,  within  which  is  the  plane  mirrour  E F, 
reclining  backwards  in  an  angle  of  forty-five  degrees  from 
the  perpendicular  k q,  the  pencils  of  rays  flowing  from  the 
outward  objedls,  and  pafling  through  the  convex  glafs  to 
the  plane  mirrour,  will  be  reflecSled  upwards  from  it,  and 
meet  in  points,  as  I and  K (at  the  fame  diflance  that  they 
would  have  met  at  H and  G,  if  the  mirrour  had  not  been 
in  the  way)  and  will  form  the  aforefaid  images  on  an  oiled 
paper  flretched  horizontally  in  the  direftion  IK;  on 
which  paper  the  out-lines  of  the  images  may  be  eafily 
drawn  with  a black  lead  pencil;  and  then  copied  on  a clean 
fheet  and  coloured  by  art,  as  the  objects  themfelves  are  by 
nature.  In  this  machine,  it  is  ufual  to  place  a plain  glafs, 
unpolifhed,  in  the  horizontal  fituation  I K,  which  glafs 
receives  the  images  of  the  outward  objefts;  and  their  out- 
lines may  be  traced  upon  it  by  a black  lead  pencil. 
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The  tube  in  which  the  convex  glafs  C D is  fixei!, 
mud  be  made  to  draw  out,  or  puili  in,  fo  as  to  adjufi;  the 
didance  of  that  glafs  from  the  plain  mirrour,  in  proportion 
to  the  didance  of  the  outward  objects  ; which  the  operator 
does,  until  he  fees  their  images  didiniSlIy  painted  on  the 
horizontal  glafs  at  I K. 

The  forming  a horizontal  image,  as  I K,  of  an  upright 
obje^l  A B,  depends  upon  the  angles  of  incidence  of  the 
rays  upon  the  plane  mirrour  E F,  being  equal  to  their 
angles  of  rcfleclibn  from  it.  For,  if  a perpendicular  be 
fuppofed  to  be  drawn  to  the  furface  of  the  plain  mirrour  at 
e,  where  the  ray  A a C c falls  upon  it,  that  ray  will  be 
reflefted  upwards  in  an  equal  angle  with  the  other  fide  of 
the  perpendicular,  in  the  line  e d I.  Again,  if  a perpen- 
dicular be  drawn  to  the  mirrour  from  the  point  f,  where 
the  ray  A b f falls  upon  it,  that  ray  will  be  reflebled  in  an 
eoJial  angle  from  the  other  fide  of  the  perpendicular,  in 
the  line  f h 1.  And  if  a perpendicular  be  drawn  from 
the  point  g,  where  the  ray  A c g falls  upon  the  mir- 
rour, that  ray  will  be  reflcdled  in  an  equal  angle 
from  the  other  fide  of  the  perpendicular,  in  the  line  g i 1. 
So  that  all  the  rays  of  the  pencil  a b c,  flowing  from  the 
upper  extremity  of  the  objeft  A B,  and  pafling  through  the 
convex-glafs  C D,  to  the  plain  mirrour  E F,  will  be 
reflecElcd  from  the  mirrour  and  meet  at  L where  they  will 
form  the  extremity  I of  the  image  I K,  fimilar  to  the  ex- 
tremity A of  the  objea  A B.  The  like  is  to  be  underdood 
of  the  pencil  q r s,  flowing  from  the  lower  extremity  of  the 
objeft  A B,  and  meeting  at  K (after  refledlion  from  the 
plain  mirrour)  the  rays  from  the  extremity  K of  the  image, 
fimilar  to  the  extremity  B of  the  objcil : and  fo  of  all  the 

pencils  tliat  flow  from  the  intermediate  points  of  the  objebl 

to 
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to  the  mirrour,  through  the  convex-glafs.  This  may  be* 
further  improved  by  placing  a convex  lens  of  fix  inches 

focal  diftance,  and  four  inches  diameter,  or  more  if  it  be 
required  longer  between  the  mirrour  and  the  ground  glafs, 
and  though  this  will  reduce  the  pidure,  yet  it  will  be  more 
illuminated,  and  afford  a plcafanter  view. 


‘Tie  Solar  Telejcope,  ' 

I S a curious  infirument  and  is  applied  to  ufe  in  the  fol- 
lowing manner.  A fcioptric  ball  and  focket  being  faftened 
againft  a hole  in  the  window  fh utter  in  a darkened  chamber, 
place  the  end  of  a common  refrading  telcfcope  with  its 
objed-glafs  and  eye-gJafs  into  the  cylindrical  hole  of  the 
fcioptric  ball,  and  draw  out  the  tube  to  its  proper  length ; 
this  being  done,  the  telefcope  and  ball  arc  moved  about  till 
it  receives  the  fun-beams  perpendicular  on  the  objcd-^xlafs 
through  the  cylindrical  hole  of  the  ball ; the  tube  with  the 
cye-glafsis  then  tobeadjufted  by  moving  it  either  in  or  out, 
till  the  image  of  the  fun,  formed  on  a white  plane  or  fereen, 
is  very  diftind,  large,  and  luminous. 

In  this  manner  the  fun’s  face  is  viewed  without  offence 
to  the  eyes,  and  whatever  changes  happen  therein  may  be 
moft  accurately  obferved  ; the  fpots,  which  are  feldom  feen 
even  when  viewed  through  fmall  telefcopes  in  the  common 
way,  are  here  confpicuous,  and  eafy  to  be  obfen'ed  with  all 
the  different  circumftances  of  the  fpots  beginning  to  ap- 
pear, their  increafe,  divifion  of  one  into  many,  or  the  unit- 
ing of  many  into  one,  their  magnitude,  and  decreafe,  their 
vanifliing,  and  their  dilappearance  behind  the  fun. 
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An  cclipfe  of  the  fun  may  by  the  folar  tclefcope  be  viewed 
to  the  greateft  advantage,  we  having  it  in  our  power  to*  rc- 
prefent  the  face  of  the  fun  as  large  as  we  picafe,  confe- 
qiiently  the  eclipfe  proportionally  sonfpicuous ; alfo  the 
circle  of  the  fun’s  dilh  may  be  fo  divided  by  lines  and 
circles  drawn  thereon,  that  the  quantity  of  the  eclipfe  in- 
timated in  digits  may  this  way  be  exa£lly  determined  ; alfo 
the  exa£l  time  of  the  beginning,  middle  and  end  thereof, 
for  determining  the  longitude  of  the  place,  are  feen  to  the 
greateft  advantage.  The  tranfits  of  Mercury  and  -Venus 
over  the  face  of  the  fun,  are  exhibited  moft  delightfully  by 
this  inftrument : they  will  here  appear  truly  round,  well 
defined,  and  very  black  : their  comparative  diameters  to 
that  of  the  fun  may  this  way  be  obferved,  the  diredlion  of 
their  motion,  and  the  times  of  ingrefs  and  egrefs  are  here 
viewed  to  the  greateft  perfe£llon. 

The  Heliojiata  to  take  off  the  inconvehiencies  which 
arife  from  the  motion  of  the  earth,  in  making  experiments 
on  the  folar  light,  was  an  excellent  invention  of  Dr’s  Grave- 
Jand,  it  confifts  of  two  pri-ncipal  parts  each  of  which  con- 
fifts  of  many  fmaller  parts.  The  firft  is  a plain  metallic 
fpeculum,  fupported  by  a ftand  ; the  other  is  a clock  which 
dire£ls  the  fpeculum  according  to  the  earth  s motion,  keep- 
ing the  fun  in  the  fame  poiht  of  view. 


The  Acromatic  Tclefcope. 

THIS  confifts  of  a double  or  treble  obje£l-glafs ; the  dou- 
ble objedl-glafs  confifts  of  a double  concave  of  white  flint  and 

a double  convex  of  crown  glafs.  T.  lie  parts  of  the  Icnfes, 

which 
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which  are  of  tlie  fame  fide  of  the  centers  may  be  conceived 
to  aft  like  two  prifms,  which  refraft  contrary  ways  ; and  if 
the  cxcefs  of  refraftion  in  the  crown  glafsbe  fuch  as  to  de- 
firoy  the  divergency  of  colour  caufed  by  the  flint-glafs,  the 
incident  ray  will  be  refrafted  without  any  produftion  of 
colour:  the  fame  is  true  of  all  the  incident  rays,  and  cen- 
Icquently  the  image  formed  in  the  focus  of  this  compound 
objeft-glafs  will  be  free  from  colours  ; or  in  other  words  by 
means  of  the  different  refraftive  power  of  thefe  two  forts  of 
glafs  and  their  unequal  figure,  it  comes  to  pafs  that  all  the 
rays  of  light  incident  upon  thofe  glaffes  from  diftant  radiant 
ohjefts,  w'ill  pafs  through  them  in  fuch  a manner,  that 
whatever  aberration  is  occafioned  in  the  heterogeneal  rays 
in  refraftion  through  the  firll:  glafs,  is  fo  far  correfted  by 
the  fecond,  that  thofe  rays  emerge  from  it  nearly  parallel 
among  themfelvcs,  and  are  converged  to  one  focus,  form- 
ing an  image  not  lenfibly  compounded  or  coloured,  and 
therefore  are  more  perfeft  and  diftinft.  It  will  there- 
fore admit  a much  larger  aperture,  and  of  courfe  a greater 
magnifying  power  than  tlie  common  refrafting  telefcopes 
pollibly  can  ; if  the  telefcope  be  fhort  the  convexity  of  the 
lenfes  will  be  confiderable,  and  in  fuch  cafes  it  is  mod  con- 
venient to  combine  tluee  lenfes,  one  concave  of  white  flint 
glafs  between  tw'o  convex  of  crown  glafs ; but  ftill,  where 
a great  magnifying  power  is  wanted,  recourfe  muft  be  had 
to  refrafting  telefcopes : thefe  and  all  other  optical  and 
philofophical  inftruments  are  to  be  had  in  their  greated 
perfeftion  of  that  ingenious  artid  Mr.  George  Adams,  Fleet 
Street,  London;  whofe  afliduity  in  rendering  philofophical 
refearches  familiar  is  well  known  to  the  fcientific. 
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Of  the  Terms  ef  Art,  or  Names  by  which  the  Parts  of  an 
Automaton  are  called. 

TT  is  necefTary  that  I fhould  fliew  the  meaning  of  ths 
terms  which  clock  makers  ufe,  that  gentlemen,  and 
others,  unlkiled  in  the  art,  may  know  how  to  exprefs  them- 
felves  properly,  in  fpeaking ; and  alfo  iinderftand  what  I 
fliall  fay  in  the  following  treatife : 

I begin  with  the  more  general  terms:  as,  the  frame; 
which  is  that  which  contains  the  wheels,  and  the  reft 
of  the  Work.  The  pillars  and  plates,  are  what  it  chiefly 
confifts  of. 

Next  for  the  main-fpring,  and  its  appurtenances.  That 
which  the  fpring  lies  in,  is  the  fpring-box : that  which  the 
fpring  laps  about,  in  the  middle  of  the  fpring-box,  is  the 
fpring-arbor;  to  which  the  fpring  is  hooked  at  one  end* 
At  the  top  of  the  fpring-arbor,  is  the  endlefs-fcrew,  and  its 
wheel : but  in  fpring-clocks,  it  is  a ratchet-wheel,  with  its. 
click  that  flops  it. 
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That  which  the  main-fpring  draweth,  and  about  whlclt 
the  chain  or  firing  is  wrapped,  and  which  is  commonly 
taper,  is  the  tiify.  In  larger  work,  going  with  wcights» 
■where  it  is  cylindrical,  it  is  called  the  barrel : the  fmall 
teeth  at  the  bottom  of  the  fnfy,  or  barrel,  that  flop  it  irr 
winding  up,  is  the  ratchet.  That  which  flops  it  when 
wound  up,  and  is  for  that  end  driven  up  by  tlic  firing,  is. 
the  gardegut. 

The  parts  of  a wheel  are,  the  hoop,  or  rim  ; the  teeth  : 
the  crofs  : and  the  collet,  or  piece  of  brafs,  Ibldered  on  the 
arbor,  or  fpindlc,  on  which  the  w'heel  is  rivetted. 

A pinion,  is  that  little  wheel,  which  plays  in  the  teeth  of 
the  wheel:  its  teeth  (which  arc  commonly  4,  5,  6,  7,  8, 
&c,)  are  called  leaves,  not  teeth. 

The  ends  of  the  fpindlc,  arc  called  pivots : the  holes  in 
which  they  run,  pivot  holes. 

The  glittered  wheel,  with  iron  fpikes  at  the  bottom,  in 
which  the  line  of  ordinary  thirty-hour  houfe-clocks  doth 
Tun,  is  called  the  pulley. 

I need  not  fpeak  of  the  dial-plate,  the  hands,  ferews, 
wedges,  fjops,  &c. 

Thus  much  for  general  names,  which  are  common  to  all 
parts  of  a movement. 

The  mofl  ufiial  movements  are  w^atches  and  clocks. 
Watches,  flridlly  taken,  are  all  fuch  movements  as  fhew 
the  parts  of  time : and  clocks  are  fuch  as  publifh  it,  by  , 
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ftriking  on  a bell.  See.  But  commonly  the  name  of  watches 
Js  appropriated  to  fuch  as  are  carried  in  the  pocket ; and 
that  of  clock  to  the  larger  movements,  whether  they  ftrike 
the  hour  or  no.  As  tor  watches  which  flrikc  the  hour^ 
they  are  called  pocket-clocks. 

The  parts  of  a movement,  which  I fhall  confidcr,  are 
the  watch  and  clock  parts. 

The  watch  part  of  a movement,  is  that  which  ferveth  to 
the  meafuring  the  hours.  In  which,  the  firfl  thing  I lhall 
confider,  is  the  balance:  whofe  parts  are  the  rim,  which  is 
the  circular  part  of  it ; the  verge,  is  its  fpindle,  to  which 
belong  the  two  pallets,  or  leaves,  which  play  in  the  teeth 
of  the  crown-wheel  : in  pocket  watches,  that  flrong  find, 
in  which  the  lower  pivot  of  the  verge  plays,  and  in  the 
middle  of  which,  one  pivot  of  the  babnce-wheel  plays,  is 
called  the  pottance.  The  bottom  of  this  is  called  the  foot  ; 
(he  middle  part  (in  which  the  pivot  of  the  balance-wheel 
turns),  is  called  the  nofc;  the  upper  part,  the  Ihoulder  of 
the  pottance.  The  piece  which  covers  the  balance,  and  in 
W'hich  the  upper  pivot  of  the  balance  plays,  is  the  cock. 
The  fmall  fpring  in  pocket  watches,  underneath  the 
balance,  is  the  regulator,  or  pendulum-fpring. 

The  parts  of  a pendulum,  are  the  verge,  pallets  and  cocks, 
as  before.  The  ball  in  long  pendulums,  the  bob  in  fhort 
ones,  is  the  weight  at  the  bottom  : the  rod,  or  w'ire,  is  plain. 
The  term  peculiar  to  the  royal-fwing,  are  the  pads,  which 
are  the  pallets  in  others,  and  are  fixed  on  the  arbor,  the 
fork  is  alfo  fixed  to  the  arbor,  and  about  fix  inches  bcloA', 
tatcheth  hold  on  the  rod,  at  a fiat  piece  of  brals,  called  the 
flatt,  in  which,  the  lowej-  end  of  the  fpring  is  fallcncd. 
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The  names  of  the  wheels  next  follow:  the  crown-whee 
in  fmall  pieces,’  and  the  fwing-wheel  in  royal  pendulums,  is 
that  wheel  which  drives  the  balance,  or  pendulum. 

The  contrate-wheel,  is  that  wheel  in  pocket-watches, 
and  others,  which  is  next  to  the  crown-wheel,  whofc  teeth 
and  hoop  lie  contrary  to  tho^e  of  other  wheels ; whence  it 
hath  its  name. 

% 

The  great-wheel,  or  firft-wheel,  is  that  which  the  fufy, 
&c.  immediately  driveth.  Next  it,  are  the  fecond-wheel, 
third-wheel,  &c. 

Next  followeth  the  work  between  the  frame  and  dial- 
plate  ; and  firll,  is  the  pinion  of  report ; which  is  that  pi- 
nion, which  is  commonly  fixed  on  the  arbor  of  the  great 
wheel,  and,  in  old  watches,  ufed  to  have  commonly  but 
four  leaves  ; which  driveth  the  dial-wheel,  and  this  carrieth 
about  the  hand. 

The  laft  part  which  I (hall  fpeak  of  is  the  clock,  wliich 
is  that  part  which  ferveth  to  ftrike  the  hours  : in  which,  I 
fliall  firft  fpeak  of  the  great,  or  firft  wheel ; which  is  that 
which  the  weight  or  fpring  firfi;  drives.  In  thirty-hour 
clocks,  this  is  commonly  the  pin-wheel  : this  wheel,  thus 
W’ith  pins,  is  called  the  ftriking-whccl,  or  pin-wdieel. 

Next  to  this  ftriking-wheel,  followeth  the  detent-wheel, 
dr  hoop-wheel,  it  having  a hoop  almoft  round  it,  in  which 
is  a vacancy,  at  which  the  clock  locks. 

I 

The  next  is  the  third,  or  fourth-wheel  (according  as  it  is 
difiant  from  the  firft-wheel),  called  alfo  the  warning- wheel. 

And 
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And  lailly,  is  the  flying-pinion,  with  a fly,  or  flin,  to 
gather  air,  and  lb  bridle  the  rapidity  of  the  dock’s  mo- 
tion. 


Belides  thele,  there  are  tlie  pinion  of  report,  of  which 
before,  whi.:h  driveth  round  the  locking  wheel,  called  alfo 
the  count-wheel,  with  eleven  notches  in  it  commonly,  un- 
equally diftant  from  one  another,  to  make  the  clock  ftrike 
the  hours  of  r,  2,  3,  &c. 

Thus  much  for  wheels  of  the  clock  part. 

The  detents  are  thofe  flops,  which,  by  being  lifted 
up,  or  let  fall  down,  do  lock  and  unlock  the  clock  in 
flrikintr. 

The  hammers  flrike  the  bell : the  hammer-tails  are  what 
the  ftriking-pins  draw  back  the  hammers  by. 

Latches  are  what  lift  up,  and  unlock  the  work. 

Catches  are  what  hold  by  hooking,  or  catcliing  hold  of. 

The  lifting  pieces  do  lift  up,  and  unlock  the  detents,  in 
the  clock  part. 

The  train  is  the  number  of  beats  or  vibrations,  wliich 
the  watch  maketh  in  an  hour,  or  any  other  certain  time. 

There  arc,  bcudes  thefc,  divers  other  terms  with  clock- 
makers  life  in  various  forts  of  pieces,  as  the  fnail,  or  Rep- 
wlicel,  in  repeating-docks,  the  rack,  the  fafeguards,  the 
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fcvcral  levers,  lifters,  and  detents  : but  it  would  be  tedious, 
and  it  is  nccdlcfs  to  mention  the  particulars. 

For  the  better  underftanding  thefe  terms  of  art,  and  the 
parts  of  a clock,  I have  reprefented  them  to  tlic  eye:  in 
which,  two  dirtindl  parts  may  be  obferved,  the  watch,  and 
the  clock  part. 

The  wheels,  &:c;  on  the  right  hand,  is  the  watch  part : 
they  on  the  left,  the  clock. 

xvTii  ^ fpring-boxes  of  the  watch  and  clock  part. 

i tg.  i. 

E,  E.  The  great  wheel  of  each  part, 

F.  F.  The  fufy  of  each  part,  about  which,  the  chain,  oi 
firing  is  wrapped. 

o.  o.  The  click  and  fpringof  each  part, 

g.  g.  The  ratchet  of  each  part. 

a The  hoop,  or  rim  of  the  fecond-whed, 

b.  The  crofs  thereof. 

c.  The  pinion. 

d.  The  tlurd-whecl. 

The  pallet-wheel. 

L.  The  pin- wheel,  with  tlie  flriking-pins  c.  c.  c. 

p.  'Fhe  hoop  whqcl. 


n.  The 
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n.  The  warning-wlieel,  or  fourth-wheel. 

O.  The  detent. 

P.  The  lifting  -piece. 

•2.  The  fan,  and  flying-pinion. 

R.  The  bell. 

S.  The  hammer. 

T.  The  hammer-tail. 

y.  The  hammer-fpring. 

V.  V,  Th«  chain,  or  firing  of  the  watch  and  clock. 

The  pendulum  confifls  of  i.  The  rod.  2.  The  fork. 
3.  The  flatt.  4.  The  great-ball.  5.  The  corrector,  or 
regulator ; being  a contrivance  of  very  great  ufe  to  bring 
the  pendulum  to  its  niccfl  vibrations,  and  is  fixed  on  the 
verge  at  the  end  of  the  pallets  5.5. 


Tff  Jind  the  Length  of  a Pcndiihan  that  Jhall  make  any  given 
Number  of  Vibrations  in  a Minute,  and  vice  verfa. 

A Pendul'UM  whofe  length  is  39.2  inches,  from  the 
point  of  lufpenfion  to  the  center  of  ofcillation,  makes  60 
vibrations  in  a minute;  and  this  is  called  the  flandard  length. 
Then,  for  any  other  number  of  vibrations  in  a minute,  fay, 
as  tiie  fquare  of  the  given  number  of  vibrations  is  to  the 
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fquarc  of  6o,  fo  is  the  length  of  the  flandarcl  to  the  length 
fought.  Thus,  fuppofe  the  given  number  of  vibrations  to 
be  30  per  minute:  the  fquare  of  30  is  900,  and  the  fquare 
of  60  is  3600:  then,  as  900  is  to  3600,  fo  is  39.2  to 
156.8;  fo  that  the  length  required  for  30  vibrations  per 
minute  is  156.8  inches. 

If  the  length  of  the  pendulum  be  given,  and  the  number 
of  vibrations  it  makes  in  a minute  be  required  ; fay,  as  the 
given  length  is  to  the  ftandard  length  (39.2  inches)  fois  the 
fquare  of  60  vibrations  to  the  fquare  of  the  of  the  number 
required : the  fquare  root  of  which  fliall  be  the  number  of 
vibration's  made  by  the  pendulum  in  a minute.  7 hus, 
fuppofe  the  given  length  to  be  156.8  inches  : as  156.8  is  to* 
39.2,  fo  is  3600  (the  fquare  of  60)  to  900  ; the  fquare  root 
of  which  is  30,  the  number  of  vibrations  that  this  pendulum 
will  make  in  a minute. 

The  length  of  a pendulum  that  would  make  only  one 
vibration  in  a minute  is  3920  yards,  or  141120  inches: 
and  the  length  of  a pendulum  that  would  make  240  vibra- 
tions, in  a minute  (or  4 in  a fecond)  is  2.45  inches. 

In  thefe  calculations,  it  is  fuppofed,  that  the  weight  of 
the  pendulum-rod  bears  little  or  no  fenfible  proportion  to 
the  weight  of  the  ball.  But  as  this  cannot  be  the  cafe  in 
practice,  the  center  of  ofcillation  will  always  be  further 
from  the  point  of  fufpenfion  than  the  calculation  makes  it ; 
and  thi,s  muft  be  found  by  trial. 
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*I'o  dividi  the  Circiwferenc/  of  a Circle  into  any  given  Nimher 
of  equal  Paris,  whether  even  or  odd. 

J 

A S tlicre  are  very  uncommon  and  odd  numbers  of  teeth 
in  fome  of  tlie  wheels  of  aflronomical  clocks,  and  which 
confequently  could  not  be  cut  by  any  common  engine  ufed 
by  clock-makers  for  cutting  the  numbers  of  teeth  in  their 
clock-wheels,  I thought  proper  to  fliew  how  to  divide  the 
circumference  of  a circle  into  any  given  odd  or  even  number 
of  equal  parts,  fo  as  that  number  may  be  laid  down  upon 
the  dividing  plate  of  a cutting  engine. 

There  is  no  odd  number,  but  from  which,  if  a certain 
number  be  fubtra(fled,  there  will  remain  an  even  number, 
eafy  to  be  fubdivided  : thus,  fuppofing  the  given  number  of 
equal  divifions  of  a circle  on  the  dividing  plate  to  be  69  ; 
i'ubtracl  9,  and  there  will  remain  60. 

Every  circle  is  fuppofed  to  contain  360  degrees:  there- 
fore fay,  as  the  given  ntimber  of  parts  in  the  circle,  which 
is  69,  is  to  360  degrees,  fo  is  9 parts  to  the  correfponding 
arc  of  the  circle  that  will  contain  them  : which  arc,  by  the 
rule  of  three,  will  he  found  to  be  46  95-100.  Therelore, 
by  the  line  of  chords  on  a common  fcale,  or  rather  on  a 
feclor,  fet  off  46  95-100  (or  46  9-10)  degrees  with  your 
compaffes,  in  the  periphery  of  the  circle,  and  divide  that 
arc  or  portion  of  the  circle  into  9 equal  parts,  and  the  reft 
of  the  circle  into  60  ; and  the  wholp  will  be  divided  into 
69  equal  parts,  as  was  required. 

Again,  fuppofe  it  were  required  to  divide  the  circumfe- 
rence of  a circle  into  83  equal  parts  ; lubtraiSl  3» 
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remain.  Then,  as  83  parts  arc  to  360  degrees,  fo  (by  the 
rule  of  proportion)  are  3 parts  to  13  degrees  and  one  hun- 
dredth part  of  a degree  ; which  final  I fradlion  may  be  neg- 
lected. Therefore,  by  the  line  of  chords,  and  compalfes, 
fet  off  13  degrees  in  the  periphery  of  the  circle,  and  divide 
that  portion  or  arc  into  3 equal  parts,  and  the  reft  of  the 
circle  into  80  ; and  the  thing  will  be  done. 

Once  more,  fuppofe  it  w'cre  required  tp  divide  a given 
circle  into  365  equal  parts : fubtraft  5,  and  360  will  re- 
main. Then,  as  365  parts  are  to  360  degrees,  fo  are  5 
parts  to  4 93-iQO  degrees.  Therefore,  fet  off  4 93-100 
(or4  9-10)  degrees  in  the  circle;  divide  that  fpace  into  5 
equal  parts,  and  the  reft  of  the  circle  into  360  ; and  the 
whole  will  be  divided  into  365  equal  parts,  as  was  re- 
quired. 

I have  often  found  this  rule  or  method  very  ufeful  in 
dividing  circles  into  an  odd  number  of  equal  parts,  or  wheels 
into  odd  numbers  of  equal  fized  teeth  with  equal  fpaces  be- 
tween them  : and  now  I find  it  juft  as  eafy  to  divide  any 
given  circle  into  any  odd  number  of  equal  parts,  as  to  divide 
it  into  any  even  number.  And,  for  this  purpofe,  I prefer 
the  line  of  chords  on  a feCtor,  to  that  on  a plain  fcale  ; be- 
caufe  the  fedlor  may  be  opened  fo,  as  to  make  the  radius  of 
the  line  of  chords  upon  it  equal  to  the  radius  of  the  given 
circle,  unlcfs,  the  radius  of  the  circle  exceeds  the  whole 
length  of  the  fedor  when  it  is  opened  fo  as  to  refem- 
ble  a ftraight  ruler ; or  fcale ; and  this  is  what  very  feldont 
happens. 

Any  perfon  who  is  ufed  to  handle  the  compaftes,  and 
tjie  fcale  or  fc6lor,  may  very  eafily,  by  a little  praCfice, 
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t^.ke  ofF  degrees,  and  fra£lional  parts  of  a degree,  by  the 
accuracy  of  his  eye,  from  a line  of  chords,  near  enougli  the 
truth  for  the  above-mentioned  purpofe. 


Suppoftng  the  Dijlance  hctivecn  the  Centers  of  tzuo  Wheels,  one 
of  whieh  is  tc  turn  the  other,  he  given  ; that  the  iNimher  of 
‘Teeth  in  one  oj  thefe  Wheels  is  different  from  the  Number  of 
Teeth  in  the  other,  and  it  is  required  to  mahe  the  Diameters 
of  thefe  Wheels  in  fueh  Proportion  to  one  another  as  their 
Numbers  of  Teeth  are,  fo  that  the  Teeth  in  both  Wheels  may 
be  of  equal  Size,  and  the  Spaces  between  them  equal,  that 
either  of  thetn  may  turn  the  other  eaftly  and freely:  it  is  re- 
quired to  find  their  Diaineters, 

HERE  it  is  plain,  that  the  diflance  between  the  centers 
of  the  wheels  is  equal  to  the  fum  of  both  their  radii  in  the 
working  parts  of  the  teeth.  Therefore,  as  the  number  of 
teeth  in  both  wheels,  taken  together,  is  to  the  diftance  be- 
tween their  centers,  taken  in  any  kind  of  meafure,  as  feet, 
inches,  or  parts  of  an  inch  ; fo  is  the  number  of  teeth  in 
cither  of  the  w'heels  to  the  radius  or  femi-diameter  of  that 
wheel,  taken  in  the  like  meafure,  from  its  center  to  the 
W'Orking  part  of  any  one  of  its  teeth. 

Thus,  fuppofe  the  two  wheels  muff  be  of  fuch  fizes,  as 
to  have  their  diftanccs  between  their  centers  5 inches  ; that 
one  wheel  is  to  ha\c  ']  5 teeth,  and  the  other  to  hav'c  33* 
and  that  the  fizc£  of  the  teeth  in  both  the  wheels  is  equal,  fo 
that  either  of  them  may  turn  the  other.  The  fum  of  the 
teeth  in  both  wheels  is  108  ; therefore  fay,  as  108  teeth  is 
to  5 inches,  fo  is  75  teeth  to  3 inches  and  47  hundred  parts 
<»f  an  iflcli ; and  as  108  is  to  5,  fo  is  33  to  i inch  and  53 
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hundred  parts  of  an  inch.  So  that,  from  the  center  of  the 
wheel  of  75  teeth  to  the  working  part  of  any  tooth  in  it. 
Is  3 inches  and  47  hundred  parts  of  an  inch  ; and,  from  the 
center  of  the  wheel  of  33  teeth  to  the  working  part  of 
either  of  its  teeth,  is  i inch  and  53  hundred  parts  of 
an  inch. 


General  preliminary  Rules  and  DireCilons  for  Calculation. 

FOR  the  more  clear  underftgnding  this,  it  miift  be  ob- 
ferved,  that  thofe  automata  (whofe  calculation  I chiefly 
intend)  do  by  little  interlaces,  or  llrokes,  meafure  out  long 
portions  of  time.  Thus  the  ftrokes  of  the  balance  of  a 
watch,  do  meafure  out  minutes,  hours,  days,  &c. 

Now’  to  fcatter  thofe  llrokes  amongll  wheels  and  pinions, 
and  to  proportionate  them,  fo  as  to  meafure  time  regularly, 
is  the  delign  of  calculation. 

And  in  the  firft  place,  you  are  to  know,  that  any  wheel 
being  divided  by  it’s  pinions,  lliews  how  many  turns  that 
pinion  hath  to  one  turn  ol  that  wheel.  Thus  a rvheel  of 
60  teeth  driving  a pinion  of  6,  will  turn  round  the  pinion 
10  times  ingoing  round  once.  6)60(10. 

From  the  fufy  to  the  balance,  the  wheels  drive  the  pini- 
ons ; and  confequently  the  pinions  run  fafler,  or  go  more; 
turns,  than  the  wheels  they  run  in.  But  it  is  contrary, 
from  the  great  wheel  to  the  dial-wheel.  Thus,  in  the  lall 
example,  the  wheel  drives  round  the  pinion  10  times  : but 
if  the  pinion  drove  the  wheel,  it  mull  turn  10  times  to 
drive  the  wheel  round  once. 
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Before  I proceed  further,  I muft  fliew  how  to  write 
down  the  wheels  and  pinions  ; which  may  be  done  either 
as  vulgar  fraaions,  or  in  the  way  of  divifion  in  vulgar 
arithmetic.  For  example,  a wheel  of  6o  moving  a pinioix 
of  5>  rnay  fet  down  thus,  —5- : or  thus  ^)6o : where  the 
iippermoft  figure  60,  or  numerator  is  the  wheel,  the  lower- 
moft  or  denominator,  is  the  pinion  : or,  in  the  latter  exam- 
ple, the  firft  figure  is  the  pinion,  the  next  without  the  hook, 
the  wheel. 

The  number  of  turns,  which  the  pinion  hath  in  one  turn 
of  the  wheel,  is  fet  without  a hook  on  the  right  hand , as 
5)60(12  ; i.  e.  a pinion  5 playing  in  a wheel  of  6o,movcth 
round  12  times  in  one  turn  of  the  wheel. 

A w’hole  movement  may  be  noted  thus, 

T6  V V T°  feventeen  notches  in  the  crown 
wheel.  Or  rather  becaufc  it  will  be  eafieft 
to  mean  capacities,  as  you  fee  here  in  the 
margin:  where  the  uppermoft  number  a- 
bove  the  line  is  the  pinion  of  report  4,  the 
dial-wheel  36,  and  9 turns  of  the  pin  of  report.  The 
fecond  number  (under  the  line)  is  5 the  pinion,  55  is  thr 
great  wheel,  and  ii  turns  of  the  pinion  it  driveth.  The 
third  numbers  are  the  fecond  wheel,  &:c.  The  fourth  the 
contrate  wheel.  See.  And  thefinglc  number  17  under  all, 
is  the  number  of  the  crown  wheel. 

By  knowing  the  number  of  turns,  which  any  pinion 
hath  in  one  turn  of  the  wheel  it  worketh  in,  you  may  alfi* 
find  out  how  many  turns  a w'heel  or  pinion  hath,  at  a 
greater  diAance  ; as  the  contrate  wheel,  crown  wheel,  ^cc. 
Eor  it  is  but  multiplying  together  the  quotients  (by  the 

quotients 


4h^(9 


5j55(‘i 

5)45(9 

sHoj^ 
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quotients,  I commonly  mean  the  number  of  turns  ; wliiili 
number  is  let  on  the  fight  hand,  without  the  hook,  as  is 
/hewn  in  the  la(l  Example),  and  the  number  produced  is 
the  number  of  turns.  An  example  will  make  what  I kiy' 
plain : let  us  chufe  three  numbers  here  fet 
5)55(11  down;  the  firfl  of  which  hath  ii  turns,  the 
5)45(9  next  9,  and  the  laft  8.  If  you  multiply  ii 

5)40(8  and  9,  it  produceth  99,  for  9 times  1 1 is  99,  that 

is  in  one  turn  of  the  wheel  5 5,  there  are  99  turns 
of  the  fecond  pinion  5,  or  the  wheel  40,  which  runs  concen- 
trical,  or  on  the  fame  arbor  with  the  fecond  pinion  5.  For 
as  there  arc  1 1 turns  of  the  hilt  pinion  5,  in  one  turn  of 
the  great  wheel  55,  or  (which  is  the  fame)  of  the  fecond 
wheel  45,  which  is  on  the  fame  fpindle  with  that  pinion  5 ; 
fo  there  are  9 times  1 1 turns  in  the  fecond  pinion  5,  or 
wheel  40  in  one  turn  of  the  great  wheel  55.  If  you  mul- 
tiply the  lalt  quotient  8 (that  is,  8 times  99  is  792)  it  Ihews 
the  number  of  turns,  which  the  third  and  lafi  pinion  5 hatln 
So  that  this  third  and  laft  pinion  turns  792  times  in  one 
turn  of  the  fiilt  wheel  55,  Another  example  will  make  it 
flill  more  plain.  The  example  is  in  the  mar- 
8)80(10  gin.  The  turns  arc  10,  9,  and  8.  Thefe 
^;54f9  multiplied  as  before,  run  thus,  viz.  to  times 
5)40(8  9 is  90,  that  is,  the  pinion  6 (which  is  the 

pinion  of  the  third  wheel  40,  and  runs  in  the 

15  fecond  wheel  54)  turns  90  times  in  one  turn  of 
the  firft  wheel  80.  This  laft  produdl  90  be- 
ing multiplied  by  8,  produces  -720;  that  is,  the  pinion  5 
(which  is  the  pin  of  the  crown  wheel  15)  turns  720  times 
in  one  turn  of  the  firft  wheel,  of  80  teeth. 
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A tvhok  Movement  of  a modern  Pocket  JVaieh  may  h 

noted  thus : 

Teeth.  Leaves 
The  great  wheel  - 48  - 12 
Centre  wheel  - 54  - 6 

Third  wheel  - 48  - 6 

Contrate  wheel  - 48  - 6 

Balance  wheel  - 15  - 2 pallets. 

Thus  when  the  watch  is  wound  up,  the  chain  from  the 
fpriug  exerts  a lorce  upon  the  fufee,  which  gives  motion  to 
all  the  parts  of  the  machine. 

The  great  wheel  on  the  fufee  having  48  teeth,  and  driv- 
ing the  center  wheel  by  a pinion  of  12  leaves,  make  the 
center  wheel  turn  round  4 times  in  one  turn  of  the  fufee. 
T.  hus  alfo  we  may  account  for  all  others  ; for. 

If  12)  48  (4  = Turns  of  the  center  wheel. 

So  6)  54  (9  = Turns  of  the  third  w'heel. 

6)  48  (8  — Turns  of  the  contrate  wheel, 

6}  48  (8  = Turns  of  the  balance. 

Then  multiply  thefc  fcvcral  (pjotients  together  fuccelTive- 
ly,  and  you  will  find  the  turns  of  each  of  thofe  wheels  re- 
fpcclively,  in  one  turn  of  the  fufee. 

Thus  I turn  of  the  fufee,  or  great  wheel  \ 4 mul.  i = 
to  4 turns  of  the  center  wheel  ; 9 jnul.  4,  mul.  i = to 
36  turns  of  the  third  w'heel;  8 mul.  9,  mul.  4.  mul.  i = 
to  288  turns  of  the  contrate  wheel;  8 mtd,  9 mul.  4 mul, 
I = to  2304  turns  of  the  balance  wheel. 


And 
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And  the  balance  wheel  having  15  teeth,  and  each  flrik.. 
in^^  a pallet  twice  in  one  revolution,  there  will  be  thirty. 
Ilrokcs  upon  the  axis  of  the  balance,  which  are  called  the 
beats  of  the  balance:  confeipicntly  there  miin:  be  2304  mul. 

=*=  69120  ftrokes  or  beats  in  one  turn  of  the  fufee  or 
great  wheel. 

But  though  thefc  particulars  are  nccefTary  to  be  premifed, 
our  prin&ipal  regard,  in  the  divifion  of  time,  is  to  be  paid  to  1 
the  center  wheel.  P'or  this  wheel  alone  is  that  upon  which 
both  the  hour  and  minute  hand  is  moved  or  carried  round 
upon  the  face  of  the  watch,  to  ihew  the  hour  of  the  day,  and 
the  minute  of  the  hour,  &;c, 

If  we  would  find  out  the  number  of  beats  of  the  balance 
in  the  time  of  thofe  turns  above-mentioned,  it  muft  be 
noted,  that  as  the  watch  goes  thirty  hours,  and  the  minute 
hand,  and  confcqucntly  the  center  wheel  goes  round  once 
in  an  hour,  the  faid  center  wheel  will  have  thirty  turns  in  the 
time  of  the  watch’s  going  round  ; and  becaufe  it  hath  four 
turns  in  one  of  the  iufee,  therefore  we  muft  fay  4(30)  — 
7 i = the  number  of  turns  of  the  fufee,  in  winding  up  the 
\vatch.  Whence  we  find  69120  mul.  y,  5 = 518400= 
the  number  of  the  beats  in  30  hours.  Then  if  we  divide 
518400  by  30,  the  quotient  will  be  17280  = number 
of  beats  in  an  hour,  which  is  called  the  train  of  a watch  ; 
which  train  is  called  fwifter  or  flower,  as  the  number 
ol  beats  in  an  hour  is  more  or  lefs : fo  again,  if  we  di- 
vide this  train  17280  by  3600,  the  feconds  in  an  hour, 
the  quotient  will  be  almort  5,  or  almoft  5 beats  per  fecond 
in  fuch  a watcli. 
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B}’  this  analyfis,  it  is  eafy  to  form  an  idea  of  the  manner  of 
calculation  for  the  numbers  of  the  teeth  and  leaves  for  the 
feveral  wheels  and  pinions  in  a watch  j which  may  further 
be  ilhiftrated  by  an  example  of  a train  14400,  which  will 
beat  quarter  fcconds,  bccaufe  fuch  a train  is  ufeful  in 
many  phdofophical  cafes,  as  well  as  in  the  jufl:  divifion 
of  time. 

Suppofe  the  intended  watch  is  to  go  32  hours:  then  it 
will  be  found  that  14400  multiplied  by  32  = 460800  = 
the  beats  of  the  balance  in  32  hours.  And  if  the  number  of 
turns  in  the  fufee  be  8,  then  8)460800  ( =57600  = the 
beats  in  one  turn  of  the  fufee. 

Again,  fuppofe  the  number  of  teeth  in  the  balance  wheel, 
be  15,  there  will  be  30  beats  in  one  turn  of  this’  wheel; 
then  30)  57600  ( = 1920,  which  will  be  the  number 
arifing  from  the  continued  multiplication  of  all  the  quo- 
tients of  the  wheels,  divided  by  the  pinions  they  drive 
from  the  great  wheel  to  the  balance  wheel,  as  has  been  al- 
ready exemplified. 

Our  next  care  is  to  break  this  number  into  four  conve- 
nient fmall  numbers,  which  multiplied  together,  fliall  make 
the  fame  number  1920.  Then  I fay  4)  1920  ( = 480. 
Again,  I fay  6)48o(=8o,  And  as  I plainly  fee  that  80  = 

8 multiplied  by  10,  confequently  the  four  numbers  fought 
for,  are  4,  6,  8,  and  10:  becaufe  multiply  thefe  numbers 
together,  and  they  will  make  exadfly  1920,  thus  4 mul.  6 
mull.  8 mul.  10  ==  1920. 

The  quotients  thus  invefligated,  we  may  eafily  find  what 
large  numbers,  divided  by  fmall  ones,  will  produce  the  faid 

P p quotients ; 


2go 


AN  INTRODUCTION  TO 

quotients;  thus  i 2)4-8(=4-  Confequenlly,  if  we  allow  48 
teeth  to  the  e;reat  wheel  on  the  fufee,  it  mud  drive  a pini- 
on of  1 2 on  the  center  wheel.  So  again,  if  for  the  quotient 
6,  we  chufe  54and  9,  thus  9)54(=6,it  fhews  that  the  teeth  of 
the  center  wheel  may  be  54  ; and  it  mud  drive  a pinion  of 
9 on  the  third  wheel.  Or,  if  indead  of  54  and  9,  we  chufe 
48  and  8,  it  will  anfvver  the  fame  end,  thus  8)48(=6.  As 
for  the  quotient  10,  we  may  eafily  perceive  that  50  and  5 
Avill  anfvver  tlie  enquiry,  lhus5)5o(=  10:  fo  the  third  wheel 
liaving  50  teeth,  mud  drive  a pinion  of  5 on  the  contrate 
wheel.  Where  note,  that  if  the  faid  wheel  has  40  or  60 
teeth,  and  drive  a pinion  of  4 or  6,  we  lliall  find  the  fame 
number  of  turns  c.xadly.  And  as  for  the  quotient  8,  we 
have  the  number  48  and  6 : thus  6)48(=8  : or  7)5^(= 
or  5(4o(=8  : therefore  if  the  contrate  wheel  be  allowed 
40,  or  48,  or  56  teeth,  it  will  drive  a pinion  of  5,  6,  or  7 
leaves  on  the  balance  wheel. 

Thus  it  Is  to  determine  and  adjud  all  the  Avheels  and 
pinions  in  the  body  of  a w^atch,  from  the  fufee  to  the  ba- 
lance, fo  far  as  to  relate  to  the  minute  of  an  hour,  and  to 
the  fecond  and  quarter  feconds  of  a minute. 

Having  fhewed,  as  clearly  as  I can,  the  way  of  calculat- 
ing numbers  for  the  watch- part,  I fliall  alfo  briefly  fliew 
the  principles  of  the  driking  part. 

Although  this  part  conlids  of  many  wheels  and  pinions, 
yet  refpecd  needs  to  be  had  only  to  the  count  wheel,  drik- 
ing-whecl,  and  detent-wheel,  which  move  round  in  this 
4Mg.  4.  proportion  ; the  count-wheel  B moveth  round  commonly 
once  in  12,  or  24  hours.  The  detent- wheel  moves  round 


every 


USEFUL  KNOWLEDGE. 


291 


every  ftroke  the  clock  Rriketh,  fomctiincs  but  once  in  two 
ftrokes.  Froni  whence  it  follows, 

1.  That  as  many  pins  as  are  in  the  pin-wheel,  fo  many 
turns  hath  tlie  detent-wheel,  in  one  turn  of  the  pin-wheel. 
Or  ('which  is  the  fame)  the  pins  of  the  pin-wheel  are  the 
quotient  of  tint  wheel,  divided  by  the  pinion  of  the  detent- 
wheel.  But  if  the  detent-wheel  moveth  but  once  round 
in  two  ftrokes  of  the  clock,  then  the  iaid  quotient  is  but 
half  the  number  .of  pins. 

2.  As  many  turns  of  the  pin-wheel  as  are  required  to 
perform  the  ffrokes  of  12  hours  (which  are  78),  fo  many 
turns  miifl:  the  pinion  of  report  have,  to  turn  round  the 
count-wheel  once.  Or,  thus  : divide  78  by  the  number 
of  driking-pins,  and  the  quotient  thereof  fltall  be  the  quo- 
tient for  the  pinion  of  report,  and  the  count  wheel.  All 
this  is,  in  cafe  the  pinion  of  report  be  fixed  to  the  arbor  of 
the  pin  wheel,  as  is  very  commonly  done. 

All  this  I take  to  be  very  plain  : or  if  it  be  not,  the  ex- 
amnle  in  the  margin  will  clear  all  difficul- 
lies.  Here  the  locking  wdtcel  A is  48,  the  8)48(6 
pinion  of  report  is  8,  the  pin- wheel  is  78, 
the  flriking  pins  arc  13.  And  fo  the  relt.  6)78(13  pjns 
I need  only  to  remark  here,  lhat  78  being  6)6c(io 
divided  by  the  13  pins,  gives  6;  which  is  6)48(8 
the  quotient  of  the  pinion  of  report  O : 
as  was  before  hinted  ; and  the  notches  of  the  plate  B, 
ferve  to  let  the  locking-piece  C fall  into  j which  comes 
from  the  dcxicnt  D. 
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As  for  the  warning-wheel  and  flying-pinion,  it  matters 
little  what  numbers  they  have,  their  ufe  being  only  to 
bridle  the  rapidity  of  the  motion  of  the  other  wheels. 


Niwibers  of  fever al  Sorts  of  Movements. 

Although  I have  before  given  fuch  plaiji  dire(5lions,  as 
may,  I hope,  accomplifli  a young  praclitioner  in  the  art 
of  calculation  5 yet  it  may  be  very  convenient  to  fet  down 
fome  numbers  fit  for  feveral  movements  ; partly  to  be  as 
examples  to  exercife  the  young  reader : and  partly,  to 
ferve  fuch,  who  want  leifure  or  underftanding  to  attain  tq 
the  art  of  calculation. 

Numbers  of  an  eight-day  piece,  with  16  turns, of  the 
barrel,  the  pendulum  vibrates  Icconds,  and  Ihews  minutes, 
feconds,  &c. 


The  watch  part. 

8)96 

8)60 — 40)40 — 6)73 

7)56 


30 


The  clock  part. 

8)78 

7)56  8 pins. 

7)49 

7)49 


In  the  watch  part,  the  wheel  60  is  the  minute- wheel, 
which  is  fet  in  the  middle  of  the  clock,  that  its  fpindle 
may  go  through  the  middle  of  the  dial-plate  to  carry  the 
minute  hand.  ’ ' 


Fig.  3.  Alfo  on  this  fpindle  is  the  wheel  40,  a,  which  drivethan-. 
other  wheel  b of  40,  which  lafl  hath  a pinion  6,  o>  which 
dr-iveth  round  the  wheel  72  d in  12  hours.  Note  here  two 

things : 
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things  : i.  That  the  two  wheels  40,  are  of  no  other  life, 
but  to  fet  the  pinion  6 at  a convenient  diflancc  from  the 
minute-wheel,  to  drive  the  wheel  J2,  which  is  concentrical 
with  the  minute-wheel.  For  a pinion  6 driving  a wheel 
72,  would  be  lufficient,  if  the  minute-hand  and  hour-hand 
had  two  difierent  centers.  2.  Thefe  numbers,  60 — 40) 
40 — 6)72,  fet  thus,  ought  according  as  above  to  be  thus 
read,  viz.  The  wheel  60,  hath  another  wheel  40  on  the 
fame  Ipindle ; w'hich  wheel  40  divideth  (playeth  in,  or 
turns  round',  another  wheel  40  ; which  hath  a pinion  6 
concentrical  with  it:  which  pinion  driveth  or  divideth  a 
wheel  of  72.  For  a line  parting  two  numbers  (as  60—48) 
denoteth  thofe  two  numbers  to  be  concentrical,  or  to  be 
placed  upon  the  fame  fpindle.  And  when  tw'o  numbers 
liave  a hook  between  them  (as  48)  48)  it  fignifies  one  to 
run  in  the  other. 

In  the  flriking-part,  there  arc  8 pins  on  the  fecond-wLeel 
56.  The  count- wheel  may  be  fixed  unto  the  great  wheel, 
which  goeth  round  once  in  12  hours. 

A piece  of  32  days,  with  16  turns  both  parts:  the  w^atch 
fheweth  hours,  minutes,  and  feconds ; and  the  pendulum 
yibrateth  feconds. 

Watch  part.  l Striking  part. 

With  16  turns.  With  16  turns. 

16)96  10)130 


6)60 


The 
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Tlie  pinion  of  report  is  fixed  on  the  end  of  the  arbor  of 
the  pin-wheel.  This  pinion  Is  i2,  the  count- wlieel  39; 
thus,  12)39. 


A two  months  piece  of  64  days;  with  16  turns  ; pendu- 
lum vibrateth  feconds,  and  fheweth  minutes,  feconds,  &c. 


Watch  part. 

0)90 


8 j6o— 48)48— 6)  j 2 
7)56 


39 


Clock  par^ 

I o' 80 
10)65 

V 1 I 2 pins 
■9)54 '8)5, 
5)60  double  lioop. 

5)5^ 


Here  the  third  wheel  is  the  pin-wheel,  which  alfo  car- 
rieth  the  pinion  of  report  8,  driving  the  count-  wheel  52. 

A feven  month-piece,  with  turns,  pendulum,  and  mo- 
tions, as  before. 

The  watch, 

S'i6o 

8)5^ 

8:48 

6)45—48)48-6)72 

5)40 


30 

A year- piece,  of  384  ^ays,  with  turns,  pendulums,  and 
motions,  as  before. 


The  clock. 

8)96 

8;88— 27)12 
8;64— 16  pins 
6)48  double  hoop. 
6)48 
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'I'he  watch. 

I 2)108 

9)72 

8)6+ 

k 8)6o-+8)+8-6)72: 

\ 7)5^ 


30 


The  clock. 

10)120 
8196-36)9 
6)78.26  pins 
6)] 2 double  hoop. 
6)60 


If  you  had  rather  have  the  pinion  of  report  of  the  fpindle 

f ©f  the  pin-wheel,  it  mufl  be  13)39- 

* 

? 


A piece  of  30  hours,  pendulum  about  6 inches. 


i 1 2)48 


! 6)78 

r 6)60 

I 6)42 


The  watch. 


The  clock. 

8)48 


6)78  13  pins. 

6)60 

6)48 


A 30  hour  piece  to  fwing  feconds. 


6)90 

6)72 


Watch  part. 


Clock  part. 
6)78  13  pins 

6) 54 

7) 49 


Rt'peatlng  Work. 


\ 


LET  A be  a piece  of  brafs  cut  down  in  twelve  fpiral 
I Heps  in  form  of  a fnail  (from  whence  it  takes  its  name)  as  ^ 

i in  the  figure ; let  this  be  lixcd  on  the  focket  ol  the  hour 

wheel  ; and  B G L F the  rack,  with  fourteen  teeth,  turn- 
ing on  its  center  L,  having  a fpring  H to  focce  the  end  I 
^ upon 
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upon  the  fteps  of  the  fnail  A,  when  at  liberty.  "J'he  pin  at 
I in  the  motion  wheel,  takes  hold  of  the  lifting  piece  D M 
K,  and  the  end  K,  in  rifing,  lift  up  the  hook  C which  lays  ' 
in  the  teeth  of  the  rack,  and  rifes  until  the  teeth  arc  dif. 
engaged  from  it;  the  end  F then  falls  down  and  /lops 
againft  the  fleps  of  the  fnail  A,  which  in  the  figure  is  at 
two  o’clock. 

The  arbor  of  the  third  or  gathering  wheel  m,  (fig.  2.)  < 
comes  through  the  plate,  on  which  the  pallet  E m (fig  i.) 
is  fixed;  a turn  of  which  anfwering  to  one  ftroke  of  the 
hammer,  gathers  the  rack  up  one  tooth  ; 1 2 fteps  of  the 
fnail,  anfwers  12  teeth  in  the  rack;  and  when  the  gathering 
pallet  E m,  has  taken  as  many  teeth  in  the  rack,  as  the 
number  of  the  hour,  the  end  E of  the  pallet,  (lops  againft 
a pm  m the  rack  at  G,  and  is  there  at  reft  until  the  hook 

C is  again  lifted  out  of  the  teeth,  by  the  lifting  piece  as 
before.  . , 

When  the  hook  C is  lifted  out  of  the  teeth  of  the  rack, 
the  clock  would  ftrike  continually,  as  the  hook  being  out 
of  the  teefti,  prevents  the  rack  being  gathered  up  ; but  that  ^ 
the  end  K of  the  lifting  piece  has  a fmall  arm  which  goes 
, through  the  plate,  and  a pin  in  the  wheel  n,  which  flops 
againft  it  in  fuch  a manner,  that  when  the  lifting  piece  is 
fuffered  to  fall  by  the  pin  I,  having  gone  paft  the  pin  in  the 
rim  of  the  wheel  n,  it  is  clear  of  the  arm  at  the  end  of  the 
lifting  piece  K ; the  wheel  being  then  at  liberty,  the  clock 
ftnkes  until  the  gathering  pallet  E,  flops  againft  the  pin  of 
the  rack  at  G as  before.  By  putting  a fmall  firing  to  the 
top  end  of  the  fpring  S,  to  come  through  the  cafe,  it 

made  to  ftrike  the  laft  hour  at  any  time,  except 
"^vhen  on  the  warniiig. 
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A brief  Dcfcripticn  if  tl-e  Solar  Syfcrn. 

fun,  with  the  planets  and  comets  whicli  move 
round  him  as  their  center,  conliilute  the  folar  fyftem. 
Thofe  planets  which  are  near  the  fun  not  only  finilh  their 
circuits  fooncr,  but  likcwife  move  falter  in  their  rcfpe6livc 
orbits,  than  thofe  which  are  more  remote  to  him.  Their 
motions  are  all  performed  from  weft  to  eaft,  in  orbits  near- 
ly circular.  Their  names,  diftanccs,  bulks,  and  periodical  . 
revolutions,  are  as  follow. 

The  fun,  an  immenfe  globe  of  fire,  is  placed  near  the 
common  center  ot  all  the  planets,  and  turns  round  his  axis 
in  25  days  6 hours,  as  is  evident  by  the  motion  of  Ipots 
feen  on  his  furface,  which  have  often  been  remarked  to 
keep  this  time  before  they  diiappeared.  His  diameter  is 
computed  to  be  763,000  miles;  all  planets  fecn  from  him, 
move  the  fame  way,  and  according  to  the  order  of  the  figns 
in  the  graduated  circle  Aries,  "I  aiirus,  Gemini,  Cancer, 
A'c.  which  reprefents  the  great  ecliptic  in  the  heavens;  but 
as  feen  from  any  one  planet,  the  reft  appears  fometimes  to 
go  backward,  and  fometimes  forward,  and  fometimes  to 
Hand  ftill;  not  in  circles  nor  eclipfes;  but  in  looped  curves 
whi‘.  h never  return  into  themfclves. 

an 
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Mcrcrj.  ^ Mercury,  tlic  iieareft  planet  to  the  fun,  goes  round  him 
In  87  days  23  hours  of  our  time  nearly;  which  is  the 
the  length  of  his  year.  But  being  feldom  feen,  and  no 
fpots  appearing  upon  his  furface  or  dife,  the  time  of  his  ro- 
tation on  his  axis,  or  the  lengtii  of  his  days  and  nights,  is  as 
yet  unknown.  Hisdillance  from  the  fun,  computed  to 
be  32,000,000  ol  miles,  and  his  diameter  2600.  In  his 
courfe  round  the  fun.  he  moves  at  the  rate  of  95,000  miles 
every  hour.  His  light  and  heat  from  the  fun  are  almofl: 
feven  times  as  great  as  ours ; and  the  fun  appears  to  him 
almofl  feven  times  as  large  as  to  us.  ' 

His  orbit  IS  inclined  feven  degrees  to  the  ecliptic  ; and 
that  node  from  which  he  afeends  northward  above  the 
ecliptic,  is  in  the  14th  degree  of  Taurus;  the  oppofite  in 
the  14th  degree  of  Scorpio.  The  earth  is  in  thefc  points 
on  the  6tb  of  November,  and  4th  of  May,  new  llile  ; and 
wlien  Mercury  comes  to  either  of  his  noiles,  when  lie  is 
between  the  earth  and  fun  in  the  nearer  part  of  his  orbit,  he 
will  appear  to  pafs  over  the  dife  or  face  of  the  fun  like  a 
d.uk  lound  fpot.  But  in  all  other  parts  of  his  orbit,  his 
conjundlions  are  invifible,  bccaulb  he  cither  goes  above  or 
below  the  fun. 


According  to  Mr.  Whillon,  he  will  appear  on  the  fun’s 
dife  in  1789,  Dec.  6th.  at  311.  55m.  in  the  afternoon.  1799. 
May  7th,  at  2h.  34m.  in  the  afternoon.  There  will  be 
fcveral  intermediate  tranlits,  but  none  of  them  vifible  in 
this  latitude. 

'Venus,  tlie  next  planet  in  order,  is  computed  to  be 
59,000,000  miles  from  the  fun  ; and  by  moving  at  the  rate 

of 
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of  69,000  miles  every  hour  in  lier  orbit,  flie  goes  round 
lire  fun  in  224  days  17  hours  ot  our  time  nearly  ; in  which, 
though  it  be  the  lull  length  of  her  year,  (lie  has  only  nine 
days  one  quarter,  acconling  to  the  bell  obfervations,  lo 
that  to  her,  every  day  and  night  together  is  as  24  i-3d 
days  and  nights  with  us.  T.'his  odd  i-4th  ot  a day  in 
every  year  makes  every  fourth  year  a leap-year  to’  V’^enus, 
as  the  like  docs  to  our  earth.  Her  diameter  is  7906  miles; 
and  by  her  diurnal  motion,  the  inhabitants  about  her  equa- 
tor are  carried  43  miles  every  hour,  belidcs  that  69,000 
above-mentioned- 

Venus’s  orbit  is  inclined  3 i-lialf  degrees  to  the  earth’s, 
and  crolFes  it  in  the  14th  degree  of  Gemini  and  of  Sagit- 
tarius. 

The  axis  of  Venus  is  inclined  75  degrees  to  the  axis  of 
her  orbit : which  is  51  i-half  degrees  more  than  our  earth’s 
axis  is  inclined  to  the  axis  of  the  ecliptic ; and  therefore, 
her  fcafons  vary  much  more  than  ours  do.  The  north  pole 
of  her  axis  inclines  toward  the  20th  degree  of  Aquarius, 
our  earth’s  to  the  beginning  of  Cancer;  confcquently  the 
northern  parts  of  Venus  have  fummer  in  the  figns  where 
thole  of  our  earth  have  w inter,  and  vice  verfa. 

As  her  annual  revolution  contains  only  9 1 -4th  of  her 
days,  the  fun  will  always  appear  to  go  through  a whole 
fign,  or  tuclfih  part  of  her  orbit,  in  little  more  than  three 
quarters  of  her  natural  day,  or  nearly  in  13  ol  our 

days  and  nights. 

She  fhews  the  fame  appearances  to  us  regularly  every 
eiHit  years;  her  conjunHions,  elongations,  and  times  o 
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Earth, 


IToon. 


rifing  and  fctting,  being  very  nearly  the  fame  on  the  fame 
days  as  before. 

The  earth  is  the  next  planet  above  Venus  in  the  fyftcm. 
It  is  82,000,000  of  miles  from  the  fun,  and  goes  round 
him  m 3^5  days  ^ hours  49  minutes,  from  any  equinox 
or  folftice  to  the  fame  again  : but  from  any  fixed  ftar  to 
the  fame  again,  as  feen  from  the  fun,  in  365  days  6 hours 
and  9 minutes,  the  former  being  the  length  of  the  tropical 
year,  and  the  latter  the  length  of  the  fydercal.  It  travels 
at  the  rate  of  58,000  miles  every  hour,  which  motion, 
though  120  times  fvvifter  than  that  of  a cannon-ball,  is  little 
more  than  half  as  fwift  as  Mercury’s  motion  in  his  orbit. 
The  earth’s  diameter  is  7970  miles ; and  by  turning  round 
its  axis  every  24  hours  from  weft  to  eafl,  it  caufes  an  ap- 
parent diurnal  motion  of  all  the  heavenly  bodies  from  eafl 
to  weft.  By  this  rapid  motion  of  the  earth  on  its  axis,  the 
inhabitants  about  the  equator  arc  carried  1042  miles  every 
hour,  wdiile  thofe  on  the  parallel  of  London  are  carried  only 
about  580,  befidcs  the  58,000  miles  by  the  annual  motion 
above-mentioned,  which  is  common  to  all  places  whatever. 
The  earth  s axis  makes  an  angle  of  23^  degrees  with  the 
axis  of  Its  orbit ; and  keeps  nearly  the  fame  oblique  direc- 
tion, inclining  toward  the  fame  fixed  ftars  throughout  its 
annual  courfe,  which  caufes  the  return  of  fpring,  fummer, 
autumn,  and  winter. 

The  moon  is  not  a planet,  but  only  a fatellltc  or  attend- 
ant of  the  earth,  going  round  the  earth  from  change  10 
change,  in  29  days,  12  hours,  and  44  minutes;  and  round 
the  fun  with  it  every  year.  The  moon’s  diameter  is  2180 
miles;  and  her  diftance  from  the  earth’s  center  24,000. 
She  goes  round  her  orbit  in  27  days,  7 hours,  43  minutes, 


moving 
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moving  about  2290  miles  every  hour;  and  turns  round 
her  axis  exactly  in  the  lime  that  (he  goes  round  the  earth, 
which  is  the  rvalon  of  her  keeping  always  the  fume  iiue 
towards  us  ; and  that  her  day  and  night  together,  is  as  long 
as  our  lunar  month. 


The  moon  is  an  opaque  globe  like  the  earth,  and  fliincs 
only  bv  reflecting  the  light  of  the  fun  ; therefore,  vvhlHl 
that  half  of  her  which  is  towards  the  fun  is  enlightened, 
the  other  half  mull  be  dark  and  invilible.  Hence,  ihe  dif- 
appears  when  Ihc  comes  between  us  and  the  fun,  bccaufe 
her  dark  lide  is  then  towards  us.  When  fhe  is  gone  a 
little  forward,  we  fee  a little  of  her  enlightened  fide: 
which  (till  increafes  to  our  view,  as  Hie  advances  forward, 
until  ftie  comes  to  be  oppolite  to  the  fun,  and  then  her 
whole  enlightened  fide  is  towards  the  earth,  and  Ihe  ap- 
pears with  a round  illuminated  orb,  which  we  call  the  full 
moon  ; her  dark  fide  being  then  ttirned  away  from  the 
earth.  From  the  full,  file  feems  to  dccreafe  gradually,  as 
iJic  goes  through  the  other  hall  of  her  courfe ; Ihcwing  us 
lefs  and  lefs  of  her  enlightened  lide  every  day,  till  her  next 
change  or  conjnndion  with  the  fun,  and  then  Ihc  dilap- 
pcars  as  before. 


This  continual  change  of  the  moords  phafes  demon- 
ftrates,  that  Ihe  fliines  not  by  any  light  of  her  own  : for  if 
fhe  did,  being  globular,  wc  Ihould  always  fee  her  with  a 
round  lull  orb,  like  the  fun.  Site  has  v'ery  little  difference 
of  feafons,  her  axis  being  alraofl  perpendicular  to  the  eclip- 
tic. What  is  very  lingular,  one  half  of  her  has  no  ilark- 
nefs  at  all  ; the  earth  conftantly  rdfording  it  a llrong  light 
in  the  fun’s  abfence  ; while  the  other  halt  has  a lorliiight  .s 
darknefs,  and  a fortniglit’s  light,  by  tiinw. 

Our 
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Our  earth  is  a moon  to  the  moon,  waxing  and  weaning, 
regularly,  but  appearing  thirteen  times  as  big,  and  affordincr 
her  thirteen  times  as  much  light  as  flic  does  to  us.  When 
flic  changes  to  us,  the  earth  appears  full  to  her ; and  when 
file  is  in  her  firfl  cjuarter  to  us,  the  earth  is  in  its  third  quar- 
ter to  her,  and  vice  verfa. 

But  from  one  half  of  the  moon,  the  earth  is  never  feen 
at  all:  from  the  middle  of  the  other  half,  it  is  always  feen 
over  head : turning  round  almofl  thirty  times  as  quick  as 
the  moon  does.  From  the  circle  which  limits  our  view  of 
the  moon,  only  one  half  of  the  earth-Iide  next  her  is  feen  ; 
the  other  half  being  hid  below  the  horizon  of  all  places  on 
that  circle.  To  her  the  earth  feems  to  be  the  biggefl  body 
in  the  univerfe,  for  it  appears  13  times  as  big  as  llie  does 
to  us.  Her  orbit  crolfes  the  ecliptic  in  two  oppofitc  points 
called  the  moon’s  nodes ; fo  that  one  half  of  her  orbit  is 
above  the  ecliptic,  and  the  other  below  it.  The  angle  of 
obliquity  is  5 i-qd  degrees,  as  the  earth  turns  round  its  axis, 
the  feveral  contincnis,  Ibas,  and  iflands,  appear  to  the 
nioon  s inhabitants  like  fo  many  fpots  of  different  forms  and 
brightnefs,  moving  over  its  furfacc  ; but  much  fainter  at 
lome  times  than  others,  as  our  clouds  cover  them  or  leave 
them.  By  thefe  fpots  the  lunarians  can  determine  the  time 
ol  the  caith  s diurnal  motion,  juli;  as  vve  do  the  motion  of 
the  fiin;  and  perhaps  they  meafure  their  time  by  the 

motion  of  the  earth  s fpots,  for  they  cannot  have  a truer 
dial. 

The  planet  Mars  is  next  in  order,  being  the  firfl  above 
tlie  earth  s orbit ; his  diflance  from  the  fun  is  computed  to  be 
125,000,000  of  miles  ; and  he  moves  at  the  rate  of  470CO 
miles  every  hour;  he  goes  round  the  fun  in  6&6  of  our  days 

and 


USEFUL  KNOWLEDGE.' 


and  23  hours  ; which  is  the  length  of  his  year,  and  contains 
667  3-4ths  of  his  days  ; every  day  and  night  together  be- 
ing 40  minutes  longer  than  with  us.  His  diameter  is  4444 
miles,  and  by  his  diurnal  rotation,  the  inhabitants  about 
his  equator  are  carried  556  miles  every  hour.  Flis  quan- 
tity of  light  and  heat  is  equal  but  to  one  half  of  ours  ; and 
the  fun  appears  httt  half  as  big  to  him  as  to  us. 

This  planet  being  but  a fifth  part  fo  big  as  the  earth,  if 
any  moon  attends  him,  fhe  mufi:  be  very  fraall,  and  has  not 
yet  been  difeovered  by  our  bell;  telefcopes.  He  is  of  a fiery 
red  colour,  and  by  his  appulfes  to  fome  of  the  fixed  ftars, 
feems  to  be  encompalTed  by  a very  grofs  atmofphere.  He 
appears  fometimes  gibbous,  but  never  horned,  which  both 
fltcws  that  his  orbit  includes  the  earth  within  it,  and  that  he 
fhines  not  by  his  own  light. 

To  Mars  our  earth  and  moon  appear  like  two  moons,  a 
bigger  and  a lefs,  changing  places  with  one  another,  and 
appearing  fometimes  horned,  fometimes  half  or  three  quar- 
ters illuminated,  but  never  fulL  nor  at  moft  above  one 
quarter  of  a degree  from  each  other,  although  they  are  240 
thoufand  miles  afunder. 

Our  earth  appears  almofi:  as  big  to  Mars  as  Venus  docs 

to  us,  and  at  Mars  it  is  never  feen  above  48  degrees  from 

the  fun  ; fometimes  it  appears  to  pals  over  the  difo  of  the 

fun,  and  fo  do  Mercury  and  Venus:  but  Mercury  can  never 

be  feen  from  Mars,  by  fuch  eyes  as  ours,  unaflilted  by  pro- 

proper  inflriiments;  and  Venus  will  be  as  fcldom  feen  as 

we  (cc  Mercury.  Jupiter  and  Saturn  arc  as  vifiblcto  Mars 

as  to  us.  His  axis  is  perpendicular  to  the  ecliptic,  and  hiS 

orbit  is  two  degrees  inclitied  to  it. 
o 

J iipitcr, 


Jupiter. 


H;&  belts 
a.iJ  Ipots. 


fie  I'.js  no 
vthangc  of 
Stafons ; 


Jtipiler,  the  biggeft  of  all  the  planets,  is  Hill  higher  in^ 
the  lyllcm,  being  about  426  millions  of  miles  from  the  fun: 
and  going  at  the  rate  of  25  ihouland  miles  every  hour  in  his 
orbit,  fiiiiihes  his  annual  period  in  eleven  of  our  years  314 
days  and  12  hours.  He  is  above  1000  times  as  big  as  the 
earth,  for  his  diameter  is  81,000  miles;  which  is  more 
than  ten  times  the  diameter  of  the  earth. 

Jupiter  turns  round  his. axis  in  9 hours  56  minutes;  fo 
that  his  year  contains  10  thoiifand  470  days;  and  the  diur- 
nal velocity  of  his  equatoreal  parts  is  greater  than  the  fwift- 
nefs  with  which  he  moves  in  his  annual  orbit ; a fingular 
circumftance,  as  far  as  we  know.  By  this  prociigious 
cjuick  rotation,  his  equatoreal  inhabitants  arc  carried  25 
ihcufand  920  miles  every  hour  (which  is  920  miles  an 
hour  more  than  an  inhabitant  of  our  earth’s  equator  moves 
in  twenty-four  hours)  bcfides  the  25  thoufaiid  above-men- 
tioned, which  is  comtnon  to  all  parts  of  his  furface,  by  his 
annual  motion. 

Jupiter  is  furrounded  by  faint  fubllances,  called  belts,  in 
wiiich  (o  many  changes  appear,  that  they  are  generally 
thought  to  be  clouds  : for  fome  of  them  have  been  firfl 
Interrupted  and  broken,  and  then  have  vanilhed  entirely. 
1 hey  have  fometimes  been  obferved  of  different  breadths 
and  afterwards  have  all  become  nearly  of  the  fame  breadth. 
Large  fpots  have  been  fecn  in  thefe  belts  ; and  when  a belt 
vanifhes,  the  contiguous  fpots  difappear  with  it. 

The  axis  of  Jupiter  is  fo  nearly  perpendicular  to  his 
orbit,  that  he  has  no  fenfible  change  of  feafons  ; which  is 
a great  advantage,  and  wifely  ordered  hy  the  Author  of  na- 
ture. For>  if  the  axis  of  this  planet  were  inclined  any  con- 
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fiJeraSle  number  of  degrees,  juft  fo  many  degrees  round 
each  pole  would  in  their  turn  be  almoft  fix  of  our  years  to- 
gether in  darknefs-  And,  as  each  degree  of  a great  circle 
on  Jupiter  contains  706  of  our  miles  at  a mean  rate,  it  is 
cafy  to  judge  what  vaft  trads  of  land  would  be  rendered  un- 
inhabitable by  any  conlidcrable  inclination  of  his  axis. 

The  fun  appears  but  i-aSth  part  fo  big  to  Jupiter  as  to  tut  Has 
us ; and  his  light  and  heat  arc  in  the  fame  fmall  propor- 
tion, but  compenfated  by  the  quick  returns  thereof,  and  by 
four  moons  (fome  bigger  and  fome  lefs  than  our  earth) 
which  revolve  about  him:  fo  that  there  is  fcarce  any  part 
of  this  huge  planet  but  what  is  during  the  whole  night  en- 
lightened by  one  or  more  of  thefe  moons,  except  his  poles, 
whence  only  the  fartheft  moons  can  be  feen,  and  where 
their  light  is  not  wanted,  becaufe  the  fun  conftantly  circu- 
culates  in  or  near  the  horizon,  and  is  very  probably  kept  in 
view  of  both  poles  by  the  refradion  of  Jupiter’s  atmofphere, 
which,  if  it  be  like  ours,  has  certainly  refradive  power 
enough  for  that  purpofe. 


The  orbits  of  thefe  moons  are  reprefented  in  this  fcheme  Th=‘‘‘  P'-*- 

_ . , , . rlods  round, 

of  the  folar  fyftem  by  four  fmall  circles  on  Jupiter  s orbit,  jupitcr. 
but  they  are  drawn  fifty  times  too  large  in  proportion  to  it. 

The  firft  moon,  or  that  neareft  to  Jupiter,  goes  round  him 
in  I day  18  hours  and  36  minutes  of  our  time ; and  is  229 
thoufand  miles  diftant  from  his  center:  The  fecond  per- 
forms its  revolution  in  three  days  13  hours  and  15  minutes, 
at  364  thoufand  miles  diftance : The  third  in  7 days  3 hours 
and  59  minutes,  at  the  diftance  of  5S0  thoufand  miles:  And 
the  fourth,  oroutermoft,  in  16  days  18  hours  and  30  min. 
at  tfie  diftance  of  i million  of  miles  from  his  center. 


Rr 


Jupiter’s 
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Two  grand  Jupitei’s  three  neared  moons  fall  into  his  fliadow  and 

dilcovenes  ' i • i • * 

tnadebytheare  eclipletl  in  every  revolution  : but  the  orbit  of  the  fourth 
n^oon  is  fo  much  inclined,  that  it  palTeth  by  its  oppofition 

moons.  to  Jupiter,  without  falling  into  his  diadow,  two  years  in 
every 'fix.  By  thefe  eclipfes,  adronomers  have  not  only  dif- 
covered  that  thefun’s  light  takes  up  eight  minutes  oOime 
in  coming  to  us  ; but  they  have  alfo  determined  the  longi- 
tudes of  places  on  this  eartli  with  greater  certainty  and  faci- 
lity, than  by  any  other  method  yet  known. 

Jupiter’s  orbit  is  i degree  20  minutes  inclined  to  the 
“ecliptic.  His  north  node  is  in  the  yth  degree  of  Cancer, 
and  his  fouth  node  in  the  yth  degree  of  Capricorn, 


Saturn,  next  in  order,  is  about  780  millions  of  miles 
from  the  fun;  and  ti. welling  at  the  rate  of  18  thoufand 
miles  every  hour,  performs  its  annual  circuit  In  29  years 
167  days  and  5 hours  of  our  time;  which  makes  only  one 
year  to  that  planet.  Its  diameter  1567,000  miles;  and 
therefore  it  is  near  600  times  as  big  as  the  earth. 


His  ring. 


/ 


This  planet  is  furroiindcd  by  a thin  broad  ring,  as  an  ar- 
tificial globe  is  by  a horizon.  The  ring  appears  double 
vvhen  feen  through  a good  telefcope.  It  is  inclined  30  de- 
grees to  the  ecliptic,  and  is  about  21  thoufand  miles  in 
breadth  : which  is  equal  to  its  diftance  from  'Saturn  on  all 
lides.  There  is  reafon  to  believe  that  the  ring  turns  round  its 

axis, becaufe,  when  itisaImofIedgewifetous,'itappearsfome- 

vvhat  thicker  on  one  fide  of  the  planet  than  on  thd  other;  and 
the  thickeft  edge  has  been  feen  on  different  Tides  at  different 
times.  But  Saturn  having  no  vifible  fpots  on  his  body, 
^vhereby  to  determine  the  time  of  his  turning  round  his  axis, 

the 
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the  length  of  his  days  and  nights,  and  the  pofition  of  his 
axis,  arc  unknown  to  us  at  prclent. 


I'o  Saturn,  the  fun  appears  only  i-90th  part  fo  big  as  to  His  five 

' . \ r • nioons, 

US  ; and  the  light  and  heat  he  receives  from  the  Inn  are  m 
the  fame  proportion  to  ours.  But  to  compenfate  for  the 
fmall  quantity  of  fun-light,  he  has  five  moons,  all  going 
round  him  on  the  outfule  of  his  ring,  and  nearly  in  the  fame 
plane  with  it.  The  firft,  or  nearelf  moon  to  Saturn,  goes 
round  him  in  one  day  2i  hours  19  minutes;  and  is  140 
thoufand  miles  from  his  center.  The  fecond,  in  2 days  17 
hours  40  minutes ; at  the  diilance  of  187  thoufand  miles. 

I'hc  third,  in  4 days  10  hours  25  minutes  ; at  263  thou- 
fand miles  didance.  The  fourth,  in  15  days  22  hours  41 
minutes  ; at  the  diftance  of  600  thoufand  miles.  And  the 
fifth,  or  outermod,  at  1 million  800  thoufand  miles  from 
Saturn’s  center,  goes  round  him  in  72  days  7 hours  48 
minutes.  Their  orbits  in  the  feheme  of  the  folar  fyftem 
are  reprefented  by  the  five  fmall  circles,  on  Saturn’s  orbit ; 
but  thefe,  like  the  orbits  of  the  other  fatcllitcs,  are  drawn 
fifty  times  too  large  in  proportion  to  the  orbits  ot  their  pri- 
mary planets. 


This  ring,  fecn  from  Saturn,  appears  like  a vad  luminous 
arch  in  the  heavens,  as  if  it  did  not  belong  to  the  planet. 
When  we  lee  the  ring  mod  open,  its  diiidow  upon  the  pla- 
net is  broaded  : and  from  that  time  the  diadow  grows  nar- 
rower, as  the  ring  appears  to  do  to  us;  until,  by  Saturn  s 
annual  motion,  the  fun  comes  to  the  plane  of  the  ring,  or 
even  with  itsed^'^c;  which  being  then  directed  towards  us, 
becomes  invifible  on  account  of  its  thinnefs.  1 lie  ring 
difanpears  twice  in  every  annual  revolution  of  Saturn, 
namely,  when  he  is  in  the  19th  degree  both  ol  Pifccs  and  of 


How 

ring  appeal's 
to  Satiirri 
■and  to  tjs. 


R r 2 


Virgo. 


In  what 
lignsSjUirn 
appear  to 
Idle  his 
ring;  and  in 
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whatfigns  it  Virgo.  And  when  Saturn  is  in  the  middle  between  tlicfe 

appears  . . , , 

molt  open  points.  Or  in  the  19th  degree  either  of  Gemini  or  of  Sagitta- 
rius, his  ring  appears  moft  open  to  us  5 and  then  itslongcft 
diameter  is  to  its  fliortcft,  as  9 to  4. 

The  orbit  of  Saturn  is  2 1 degrees  inclined  to  the  ecliptic, 
or  orbit  of  our  earth,  and  interfeds  it  in  the  21ft  degree  of 
Cancer  and  of  Capricorn  ^ fo  that  Saturn's  nodes  arc  only 
14  degrees  from  Jupiter’s. 

Georgium  On  the  1 3th  day  of  March,  1781,  between  the  hours  of 
ten  and  twelve  at  night,  as  Dr.  Herfchell,  the  Aftronomcr 
Royal,  at  Wind  for,  was  attempting  to  difeover  the  paral- 
lax of  the  ftars,  by  means  of  double,  triple,  and  quadruple 
fixed  liars,  he  difeovered  a new  planet,  belonging  to  our 
fyllcm,  as  he  was  examining  thefmall  liars  near  the  feet  of 
Gemini,  which  he  named  Georgium  Sidus,  in  honour  to 
our  prefen^  fovcrcign  : it  is  feldom  to  be  feen  very  plainly 
by  the  naked  eye  ; it  is  nearly  the  colour  of  Jupiter,  or 
fomewhat  paler  and  more  faint,  and  its  apparent  diameter 
about  4feconds,  by  the  calculation  of  M.  De  la  Lande; 
we  are  told  that  his  diH^ce  from  the  fun  is  19  times  far- 
ther than  the  earth  is  ; and  its  diameter  is  4 i-half  times 
that  of  the  earth’s. 


Places  of 

Saturn’s 

iiodcs. 


It  is  highly 
probable 
that  ai;  the 
planets  are 
inhabited. 


Every  perfon  who  looks  upon,  and  compares  the  lyf- 
tems  of  moons  together,  which  belong  to  Jupiter  and  Sa- 
turn, mull  be  amazed  at  the  vail  magnitude  of  thefe  two 
planets,  and  the  noble  attendance  they  have  in  refpea  of 
our  little  earth  : and  can  never  bring  himfelf  to  think,  that 
an  infinitely  wife  Creator  fliould  difpofe  of  all  his  animals 
and  vegetables  here,  leaving  the  other  planets  bare  and  delli- 
tutc  of  rational  creatures.  To  fuppofe  that  he  had  any 


view 
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view  to  our  benefit  in  creating  thefe  moons,  and  giving 
them  their  motions  round  Jupiter  and  Saturn  ; to  imagine 
that  he  intended  thefe  vaft  bodies  for  any  advantage  to  us, 
when  he  well  knew  that  they  could  never  be  leen  but  by  a few 
afironomers  peeping  through  tclefcopes  ; and  that  he  gave 
to  the  planets  regular  returns  of  days  and  nights,  and  diL 
ferent  feafons  to  all  where  they  would  be  convenient ; but 
of  no  manner  of  fervice  to  us  ; except  only  what  imme- 
diately regards  our  own  planet  the  earth ; to  imagine,  I 
fay,  that  he  did  all  this  on  our  account,  would  be  charging 
])im  impioufly  with  having  done  much  in  vain ; and  as 
abfurd,  as  to  imagine  that  he  has  created  a little  fun  and  a 
planetary  fyflem  within  the  flicll  of  our  earth,  and  intended 
them  for  our  ufe.  Thefe  confiderations  amount  to  little 
lefs  than  a pofitive  proof,  that  all  the  planets  are  inhabited  : 
for  if  they  are  not,  why  all  this  care  in  furnifhing  them 
wdth  lo  many  moons,  to  fupply  thofe  with  light  which  are 
at  the  greater  diflanccs  from  the  fun  ? Do  we  not  fee,  that 
the  farther  a planet  is  from  the  fun,  the  greater  apparatus 
it  has  for  that  purpofc  ? fave  only  Mars,  which  being  but 
a fmall  planet,  may  have  moons  too  fmall  to  be  feen  by 
us.  And  Georgium  Sidus  being  at  too  great  a difiance  for 
us  to  attain  any  knowledge  of  his  moons.  We  know  that 
the  earth  goes  round  the  fun,  and  turns  round  its  own  axis, 
to  produce  the  viciilitudcs  of  lummer  and  winter  by  the 
former,  and  of  day  and  night  by  the  latter  motion,  for  the 
benefit  of  its  inhabitants.  May  we  not  then  fairly  con- 
clude, by  parity  of  rcalon,  that  the  end  and  defign  of  all 
the  other  planets  is  the  fame;  and  is  not  this  agreeable  to 
the  beautiful  harmony  which  exifls  throughout  the  uni- 
verfer  Surely  it  is:  and  railcs  in  us  the  moft  magnificent 
ideas  of  the  Supreme  Being,  who  is  every  where,  and  at 
all  times  prefent  j difpla\  ing  his  power,  vvifdom,  and  good- 

nefs 
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nefs  among ali  his  creatures!  and  diflributing  happinefs  td 
iniiumcrab'e  ranlcs  df  \'arious’bf;in£rs  * 

O 


Adronomical  Charaders  explained. 


•r  Aries, 
b Taurus, 
n Gemini.' 
ss  Cancer. 


Si  Leo. 

^ Virgo. 
— Libra. 
^ Scorpio. 


/ Sagitary. 
b"  Capriccirj).^ 
^ Aquarius. 
X Pi  fees. 


h Saturn. 

% Jupiter, 
d*  Mars. 

G Sol,  (the  Sun) 
$ Venus. 


I ? Mcrairy. 

! 1)  Luna,  (tile 
I Moon) 

S3  Moon’s  north 
i node. 


2S  Her  fouth 
node. 

© Tell  us,  Terra', 
(or  the  Earth) 


6 Conjunaion  when  planets  are  in  the  fame  %n,  deg. 
min.  &c. 


* 

□ 


Sextile  when  2 
Qiiartilc  whcir 
dii't. 


figns  din. 
3 I'gns 


a'  T rine  when  4 figns  difi.' 
8 Oppofition  when  6 figns 
dirt.  ^ 


, Every  planet  and  fatellitc  is  illuminated  by  the  fun  ; and 
icl.pfes.  eafis  a fhadow  towards  that  point  of  the  heaven  which  is 
oppofite  to  the  fun.  This  fliadovv  is  nothing  but  a priva- 
tion of  light  in  the  fpace  hid  from  the  fun  by  the  opaque 
body  that  intercepts  his  rays. 


When  the  funVIight  is  fo  intercepted  by  the  moon,  that 
to  any  place  of  the  earth  the  iun  appears  partly  or  wholly 
covered,  he  is  faid  to  undergo  an  eclipfe  ; though,  properly 
ipeaking,  it  is  only  an  eclipfe  of  that  part  of  the  earth 
wiere  the  moon’s  fiiadow  or  penumbra  falls-  When  the 
earth  comes  between  the  fun  and  moon,  the  moon  falls 


into 
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into  the  earth’s  iliatiow  ; and  having  no  light  of  her  own, 
Ihc  fiiffcrs  a real  edipfe  from  the  interception  of  the  inn’s 
rays.  When  the  Inn  is  edipfed  to  us,  the  moon’s  inhabi- 
tants on  the  fide  next  the  earth  pf  any  fuch  there  be)  fee 
her  fliadow  like  a dark  fpot  travelling  over  the  earth,  about: 
twice  as  fail  as  its  cquatoreal  parts  move,  and  the  fame  way 
as  they  move.  Wlieii  the  moon  is  in  an  edipfe,  the  iun 
appears  edipfed  to  her,  total  to  all  thofe  parts  on  which  the 
earth’s  iliadow  falls,  and  of  as  long  continuance  as  they 
are  in  tite  fliadow. 

If  the  earth  and  fun  were  equally  big,  the  earth’s  fiia- 
dow  would  be  infinitely  extended,  and  allot  the  fame  bulk  ; 
and  the  planet  Mars,  in  either  of  its  nodes,  and  oppofitc  to  the 
fun,  would  be  edipfed  in  the  earth’s  fliadow.  Wercthe  earth 
bigger  than  the  fun,  its  fliadow  would  increafe  in  bulk 
the  farther  it  extended,  and  would  edipfe  the  great  planets 
Jupiter  and  Saturn,  with  all  their  moons,  when  they  were 
oppofite  to  the  fun.  But  as  Mars  in  oppofition  never  falls 
^ito  the  earth’s  lhadow,  although  he  is  not  then  above  42 
millions  of  miles  from  the  earth,  it  is  plain,  that  the  earth 
is  much  lefs  than  the  fun  ; for  otherwife  its  fliadow  could 
not  end  in  a point  at  fo  fmall  a diflance.  If  the  fun  and 
moon  were  equally  big,  the  moon’s  fliadow  would  go  on 
to  the  earth  with  an  equal  breadth,  and  cover  a portion  of 
the  earth’s  ftirface  more  than  2cco  miles  broad,  even  if  it 
fell  directly  againfl  the  earth’s  center,  as  feen  from  the 
moon  *,  and  much  more  if  it  fell  obliquely  on  the  earth  ; 
but  the  moon’s  fliadow  is  fcl Join  1 50  miles  broad  at  the 
earth,  unlefs  when  it  falls  very  obliquely  on  the 
earth,  in  total  eclipfes  of  the  fun.  In  annular  eclijifes,  the 
moon’s  real  fliadow  ends  in  a point  at  fome  diflance  from 
the  earth.  The  moon’s  fmall  diflance  from  the  earth,  and 
the  fliortnefs  of  her  fliadow,  prove  her  to  be  lefs  than  the 

fun. 
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fun.  And  as  the  earth’s  fliadow  is  large  enough  to  cover 
the  moon,  if  her  diameter  were  three  times  as  large  as  it  is 
(which  is  evident  from  her  long  continuance  in  the  fliadow 
when  die  goes  through  its  center)  it  is  plain,  that  the  earth 
is  much  bigger  than  the  moon. 

Whv  tFiere  moon’s  Orbit  were  coincident  with  the  plane  of 

arc  io  lew  the  ccliptic,  ill  which  the  earth  always  moves  and  the  fun 

ccJi^ncs,  ** 

appears  to  move,  the  moon’s  fliadow  wotild  fall  upon  the 
earth  at  every  change,  and  eclipfe  the  fun  to  fomc  parts  of 
the  earth.  In  like  manner  the  moon  would  go  through  the 
middle  of  the  earth’s  fliadow,  and  be  eclipfed  at  every  full ; 
but  with  this  difference,  that  flte  would  be  totally  darkened 
for  above  an  hour  and  an  half;  whereas  the  fun  never  was 
above  four  minutes  totally  eclipfed  by  the  interpofition  of 
the  moon.  But  one  half  of  the  moon’s  orbit  is  elevated 

The  moon’s  5 I _3d  degrees  above  the  ccliptic,  and  the  other  half  as 

nodes*  * 

much  deprelfed  below  it;  confccjuently,  the  moon’s  orbit 
interfeds  the  ecliptic  in  two  oppofite  points  called  the 
moon’s  nodes,  .as  has  been  already  taken  notice  of.  When 
points  are  in  a right  line  with  the  center  of  the  fun  at  new 
or  full  moon,  the  fun,  moon,  and  earth  arc  all  in  a right 
line ; and  if  the  moon  be  then  new,  her  fliadow  falls  upon 
the  earth  ; if  full,  the  earth’s  fliadow  falls  upon  her. 

Limits  of  ^Vhen  the  fun  and  moon  are  more  than  ly  degrees  from 
^ ’ either  ot  the  nodes  at  the  time  of  conjundlion,  the  moon  is 
then  generally  too  high  or  too  low  in  her  orbit  to  cafl:  any 
part  of  her  fliadow  upon  the  earth.  And  when  the  fun  is 
more  than  1 2 degrees  from  either  of  the  nodes  at  the  time 
of  full  moon,  the  moon  is  generally  too  high  or  too  low 
in  her  orbit  to  go  through  any  part  of  the  earth’s  fliadow  : 
:uk1  in  both  thefe  cafes  there  will  be  no  eclipfe.  But  when 
the  moon  is  lefs  than  17  degrees  from  either  node  at  the 

time 
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time  of  conjuncSlion,  her  fhadow  or  penumbra  falls  more 
or  lefs  upon  the  earth,  as  Ihe  is  more  or  Icfs  within  this 
limit.  This  admits  of  fome  variation  ; for,  in  apogeal 
cclipfes,  the  folar  limit  is  but  i6  r -half  degrees ; and  in 
pcrigeal  eslipfes  it  is  i8  i-3d.  When  the  full  moon  is  in 
her  apogee,  fhe  will  be  eclipfed  if  flie  be  within  lo  i-half 
degrees  of  the  node ; and  when  (lie  is  full  in  her  perigee, 
flic  will  be  eclipfed  if  flie  be  within  I2  i-goth  degrees  of 
the  node.  And  when  fhe  is  lefs  than  1 2 degrees  from  either 
node  at  the  time  of  oppofition,  fire  goes  through  a greater 
or  lefs  portion  of  the  earth’s  fhadow,  as  file  is  more  or  lefs 
within  this  limit.  Her  orbit  contains  360  degrees;  of 
which  17,  the  limit  of  folar  eclipfes  on  either  fide  of  the 
•nodes,  and  12  the  limit  of  lunar  eclipfes,  are  but  fmall 
portions : and  as  the  fun  commonly  paffes  by  the  nodes  but 
twice  in  a year,  it  is  no  wonder  that  we  have  fo  many  new 
and  full  moons  without  eclipfes. 

Toilluftrate  this,  let  A B C D be  the  ecliptic,  R S T U Plate  XX. 

I * 

a circle  lying  in  the  fame  plane  with  the  ecliptic,  and 
V W X Y,  the  moon’s  orbit,  all  thrown  into  an  oblique 
view,  which  gives  them  an  elliptical  fliape  to  the  eye. 

One  half  the  moon’s  orbit,  as  V W X,  is  always  below 
the  ecliptic,  and  the  other  half  X Y V above  it.  The 
points  V and  X,  where  the  moon’s  orbit  interfe£ls  the 
circle  R S T U,  which  lies  even  with  the  ecliptic,  are  the 
moon’s  nodes  ; and  the  right  line,  as  X E V,  drawn,  from  j 
one  fide  to  the  other  through  the  earth’s  center,  is  called 
the  line  of  the  nodes,  which  is  carried  almofi:  parallel  to 
itfelf  round  the  fun  in  a year. 

If  the  moon  moved  round  the  earth  in  the  orbit  R S T U 
v/hich  is  coincident  with  the  plane  of  the  ecliptic,  her 

S f fhadow 
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fliatlow  would  fall  upon  the  earth  every  time  fhe  is  in  con- 
jun£lion  with  the  fun,  and  at  every  oppofition  flic  would  go 
through  the  earth’s  fliadow.  Were  this  the  cafe,  the  fun 
would  be  eclipfed  at  every  change,  and  the  moon  at  ev'ery 
full,  as  already  mentioned. 

But  although  the  moon’s  fliadow  N muft  fall  upon  the 
earth  at  a,  when  the  earth  Is  at  E,  and  the  moon  in  con- 
jun£lion  with  the  fun  at  i,  becaufe  flie  is  then  very  near  one 
of  her  nodes  ; and  at  her  oppofition  n flie  mull:  go  through 
tlie  earth’s  fliadow  I,  becaufe  flie  is  then  near  the  other 
node ; yet,  in  the  time  that  flic  goes  round  the  earth  to  her 
next  change,  according  to  the  order  of  the  letters  X Y V 
W,  the  earth  advances  from  E to  e,  according  to  the  order 
of  the  letters  E F G H,  and  the  lines  of  the  nodes  VEX 
being  carried  nearly  parallel  to  itfelf,  brings  the  point  f of 
the  moon  s orbit  in  conjunflion  with  the  fun  at  that  next 
change  ^ and  then  the  moon  being  at  f,  is  too  high  above 
the  cclipfe  to  call  her  fliadow  on  the  earth  : and  as  the  earth 
is  ftill  moving  forward,  the  moon  at  her  next  oppofition 
will  be  at  g,  too  far  below  the  ecliptic  to  go  through  any 
part  of  the  earth’s'  fliadow ; for  by  that  time  the  point  g 
will  be  at  a confidcrable  diflance  from  the  earth  as  feen 
from  the  fun. 

When  the  earth  comes  to  F,  the  moon  in  conjundlion, 
with  the  fun  Z is  not  at  k,  in  a plane  coincident  with  the 
ecliptic,  but  above  it  at  Y in  the  highefl:  part  of  her  orbit : 
and  then  the  point  b of  her  fliadow  O goes  far  above  the  • 
earth,  as  in  fig.  2,  which  is  an  edge  view  of  fig  i.  The 
moon  at  her  next  oppofition  is  not  at  o,  fig.  i,  but  at  W 
where  the  earth’s  fliadow  goes  far  above  her,  as  in  fig.  2. 
In  both  thefe  cafes  the  line  of  the  nodes  V F X,  fig.  r,  is 

about 


USEFUL  KNOWLEDGE. 


3^5 


about  90  degrees  from  the  fun,  and  both  luminaries  arc  as 
far  as  polhble  from  the  limits  of  cclipfes. 

When  the  earth  has  gone  half  round  the  ecliptic  from  E 
to  G,  the  line  of  the  nodes  V G X is  nearly,  if  not  cxa£lly, 
dirciElcd  towards  the  fun  at  Z ; and  then  the  new  moon  1 
carts  her  fliadovv  P on  the  earth  G ; and  the  full  moon  p goes 
through  the  earth’s  fliadow  L ; which  brings  on  eclipfes 
again,  as  when  the  earth  was  at  E. 

When  the  earth  comes  to  H,  the  new  moon  falls  not  at 
m in  a plane  coincident  with  the  ecliptic  C D,  but  at  W 
in  her  orbit  below  it : and  then  her  fliadow  Q_fig.  2,  goes 
far  below  the  earth.  At  the  next  full  fhe  is  not  at  q,  fig. 

I,  but  at  Y in  her  orbit  5 i-3d  degrees  above  q,  and  at  her 
greatert  height  above  the  ecliptic  C D ; being  then  as  far 
as  portible,  at  any  oppofition,  from  the  earth’s  fliadow  M, 
as  in  fig.  2. 

So,  when  the  earth  is  at  E and  G,  the  moon  is  about 
her  nodes  at  new  and  full ; and  in  her  greatert  north  and 
fouth  declination  (or  latitude  as  it  is  generally  called)  from 
the  ecliptic  at  her  quarters  : but  when  the  earth  is  at  F or 

II,  the  moon  is  in  her  greatert  north  and  fouth  declination 
from  the  ecliptic  at  new  and  full,  and  in  the  nodes  about 
her  quarters. 

The  point  X where  the  moon’s  orbit  crortes  the  ecliptic  Themoon’s 
is  called  theafeending  node,  becaufe  the  moon  afeendsfrom  and  dc- 

* Tccndlii 

it  above  the  ecliptic  ; and  the  oppofite  point  of  interfedlion 
V is  called  the  defeending  node,  bccaufe  the  moon  defeends^ 
from  it  below  the  ecliptic.  When  the  moon  is  at  Y,  in  picr  north 
the  higheft  point  of  her  orbit,  Ihe  is  in  her  greatert  north 

S f 2 latitude; 
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latitude ; and  when  fhe  is  at  W in  the  lovvefl:  point  of  her 
orbit,  fhe  is  in  her  greateft  fouth  latitude.  . »• 


The  nodes 
have  a re- 
trograde 
motion. 


Which 
brings  on 
the  eclipfes 
fooner every 
year  th.m 
they  would 
be  if  the 
nodes  had 
not  fuch  a 
motion. 


If  the  line  of  nodes,  like  the  earth’s  axis,  was  carried 
parallel  to  itfelf  round  the  fun,  there  would  be  juft  half  a 
year  between  the  conjundions  of  the  fun  and  nodes.  But 
the  nodes  ftiift  backward,  or  contrary  to  the  earth’s  annual 
motion,  19  i -third  degrees  every  year  ; and  therefore  the 
fame  node  comes  round  the  fun  19  days  fooner  every  year 
than  on  the  year  before.  Confequently,  from  the  time 
that  the  afeending  node  X (when  the  earth  is  at  E)  paffes 
by  the  fun  as  feen  from  the  earth,  it  is  only  173  days  (not 
half  a year)  till  the  defeending  node  V paftes  him.  There- 
fore, in  whatever  time  of  the  year  we  have  eclipfes  of  the 
luminaries  about  either  node,  w^e  may  be  fine,  that  in  173 
days  afterward,  we  fhall  have  eclipfes  about  the  other  node. 
And  when  at  any  time  of  the  year  the  line  of  the  nodes  is 
in  the  fituation  V G X,  at  the  fame  time  next  year  it  will 
be  in  the  fituation  r G s ; the  afeending  node  having  gone 
backw'ard,  that  is,  contrary  to  the  order  of  figns,  from  X 
to  s,  and  the  defeending  node  from  V to  r ; each  19  i-3d 
degrees.  At  this  rate  the  nodes  fhift  through  all  the  figns 
and  degrees  of  the  ecliptic  in  18  years  and  225  days;  in 
which  time  there  would  always  be  a regular  period  of 
Cv'ilipfcs,  if  any  complete  number  of  lunations  were  finiflied 
without  a fradlion.  But  this  never  happens ; for  it  both 
the  fun  and  moon  fliould  ftart  from  a line  of  conjuniSlion 
with  either  of  the  nodes  in  any  point  of  the  ecliptic,  the  fun 
would  perform  18  anhu.al  revolution’s  and  222  degrees  over 
and  above,  and  the  moon  230  lunations  and  85  degrees  of 
the  231ft,  by  the  time  the  node  came  round  to  the  fame 
point  of  the  ecliptic  again  : fo  that  the  fun  would  then  be 

138 
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138  degrees  from  the  node,  and  the  moon  85  degrees 
from  the  fun. 

But,  in  223  mean  lunations,  after  the  fun,  moon,  and 
nodes,  have  been  once  in  a line  of  conjundllon,  they  return 
fo  nearly  to  the  fame  date  again,  as  that  the  fame  node, 
which  was  in  conjunction  with  the  fun  and  moon  at  the 
beginning  of  the  firft  of  thefe  lunations,  will  be  within  28 
degrees  12  feconds  of  a degree  of  a line  of  conjunction 
with  the  fun  and  moon  again,  when  the  laft  of  thefe  luna- 
tions is  complcated.  And  therefore,  in  that  time,  there 
will  be  a regular  period  of  eclipfes,  or  returns  of  the  fame 
eclipfe,  for  many  ages. 


On  the  UNIVERSE. 


This  wide  machine  the  univerfe  regard. 

With  how  much  fkill  is  each  apartment  rear’d  ? 
The  fun  a globe  of  fire,  a glowing  mafs. 

Hotter  than  melting  flint  or  fluid  glafs. 

Of  this  our  fyftem  holds  the  middle  place. 

Mercury  the  nearefl;  to  the  central  fun. 

Does  in  an  oval  orbit  circling  run ; 

But  rarely  is  the  objeCI  of  our  fight. 

In  folar  glory  I'unk  and  more  prevailing  light. 


Venus 
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Venus  the  next  whofe  lovely  beams  adorn, 

As  well  the  dewy  eve  as  opening  morn. 

Does  in  her  orb  in  bcautious  order  turn. 

The  Globe  terreftrial  next  with  flanting  poles. 

And  all  it’s  pond’rous  load  unwearied  rolls. 

Mars  next  in  order,  further  from  the  fun. 

Does  in  a more  extcnfive  orbit  run. 

Then  we  behold  bright  planetary  Jove, 

Sublime  in  fpace,  thro’  his  wjde  province  move; 
Four  fecond  planets  his  dominion  own. 

And  round  him  turn,  as  round  the  earth  the  moon. 
Saturn  revolving  in  a higher  fphere, 

Is  by  five  moons  attended  thro’  his  year. 

The  vaft  dimenfion  of  his  path  is  found. 

Five  thoufand  million  Englifh  miles  around. 

Then  Georgium  Sidus  farthefi  from  the  Sun, 

In  boundlefs  fpace  does  round  his  orbit  turn. 

Yet  is  this  mighty  fyftem,  which  contains 
So  many  worlds  fuch  vafi:  aithcrial  planes. 

But  one  of  thoufands, . which  compofe  the  whole. 
Perhaps  as  glorious,  and  of-worlds  as  lull. 

The  fiars  which  grace  the  high  expanfion,  bright. 
By  their  own  beams  and  unprecarious  light, 

Tho’  fome  near  neighbours  feem  and  fome  difplay- 
United  luflre  in  the  milky  way, 

At  a vafl;  difiance  from  each  other  lie,  ‘ 

Sever’d  by  fpacious  voids  of  liquid  Iky. 

All  thefe  illufirious  worlds  and  many  more, 

Which  by  the  tube  afironomers  explore  : 

And  millions  which  the  glafs  can  ne’er  defery 
Lofi  in  the  wilds  of  vafi  immenfity. 


Are 
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Are  funs,  are  centers,  whofe  fuperior  fway. 
Planets  of  various  magnitudes  obey. 

If  we  with  one  clear  comprehenfive  fight 
Saw  all  thefe  fyfiems  all  thefeorbs  of  light ; 

If  we  their  order  and  dependence  knew. 

Had  all  their  motions  and  their  ends  in  view. 
With  all  the  comets  which  in  ether  ftray, 

\ ct  conftant  to  their  time  and  to  their  way. 
Would  not  this  view  convincing  marks  impart 
Ot  perfe(ft  vvifdom  and  ftupendous  art ! 
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Line 

I for  fixed  round,  read,  fixed  point  round. 

3 for  is  power,  read,  is  the  power. 

Second  marginal  note, yi/-  Fig.  i.  read.  Fig.  5. 
14  infer  I if 

Firft  marginal  note,  inferl.  Fig.  i. 

7 for  hangs,  rendj  hanging. 

In  the  margin,  oppolite  1.  29,  infert,  Fig.  2. 
27  for  argnei-ng  read,  arguing. 

30  for  a f d,  rend,  a f e. 

17  forXek  perfeft,  rend,  the  lefs  pcrfecil.  : 

27  for  elcclri,  read,  elecflric. 

3 remove  the  femico!ony}i5/«  it,  /ij  globe; 

1 8 for  G C D,  read,  C G D. 

bottom  line,  for  knobed.  read,  knobbed, 
lad  marginal  note,  read.  Fig.  22. 

16  for  rareacRion,  7'end,  rarefattiop. 

9 for  pifl.o,  read,  piflol. 

18  for  nor,  read,  not. 

4 for  pofiite,  read,  pofite. 

6 for  then,  read,^  than 

7 in  the  parenthefis, /ir  Mifcellaneoiis  .Articles, 

read.  Page  129  of  the  Introdu5lion  to  Ulclul 
- Knowledge. 

16  for  piitrily,  read  putrefy; 

18  for  putrilying,  read,  putrefying. 

20  fox  putiifying,  read  putrefying. 
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29  for  nidcr  a,  read^  Aider  d S. 
y for  airs,  react,  air. 

3 in  the  parenthelis,  infrt,  Plate  ViL 
I for  wings,  read  rings. 

I for  D to  P,  read,  D to  P'. 

18  for  Fig.  4,  read.  Fig.  5. 

16  for  with  which,  rec^,  which  with. 
for  Audity,  read,  fluidity. 

16  for  fuffleient,  read,  fiifhcicnt. 

9 for  contrivance,  read  trivance. 

23  for  thrt,  read,  that. 

4 for  too,  read,  two- 

1 7 for  vifa,  read,  vice. 

I dele  the. 

17  dele  the  fpace  betwixt  downward. 

4 for  fccnice,  read,  fcicncc. 

1 1 for  ray,  read,  rays. 

II  for  wilh,  read,  wifhes, 

22  dele  of. 

firft  marginal  note,  for  Fig.  8.  read.  Fig.  9 

1 for  hand,  read,  hind. 

3 for  he,  read,  the. 

13  for  limb,  read,  line. 

2 for  oqjcdl,  read,  obje<Sl. 

32  for  back,  read,  backward. 

2 in  the  table,  for  rfleding,  read,  reflefling. 

5 for  difli,  read,  dilk. 

29  for  refradling,  read,  reflefting. 

I for  whee,  read,  wheel. 

11  dele  of  the 
Antepen.  irtfert  8 mult. 

ult.  for  dextent,  read,  detent. 

10  for  of,  read,  on. 

tilt,  for  fercc,  read,  force. 

3 for  lift,  read,  lifts. 

1 2 for  anfwers,  read,  anfwer. 

In  the  margin, /or  Plate  XII.  read,  Plate  XIX 
Pen.  for  eclipfes,  read,  ellipfes. 

6 for  viec,  y ead,  vice. 

29  dele  pro. 

20  infert  thefe. 

In  the  index,  for  vvhed,  read,  whefltt 
^ for  back,  read,  motion. 
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Page.  Line. 

12  II  far  an,  read.,  and. 

14  27  for  lethargCj  lythargc. 

32  24  for  objedl,  ready  objedts. 

42  9 dele  is, 

ib.  for  altogether,  read,  all  together. 

74  2 dele  it. 

78  5 for  turnfal,  read,  turnfol. 

79  12  for  tafte,  read,  take. 

80  21  infert  Plate. 

85  6 for  foldrr,  read,  folder. 

18  for  bifmouth,  read,  bifmuth. 

'!()  for  ufcfel,  read,  ufeful. 

86  19  dele  temper. 

88  10  for  ftond,  read,  (land. 

P 99  28  for  into,  read,  tin  to. 

29  for  taking,  read,  taken. 

C 109  14  for  fiugre,  read,  figure. 

; lio  I for  laft,  read,  leafl. 

t *37  24  for  peculum,  read,  fpeculum. 

I *3^  8 diaphragm,  read,  diagram, 

■.149  29  for  bifmouth,  read,  bifmuth. 

; 152  22  dele  than. 

; 154  26  for  fire,  read,  fine. 

;•  158  2 for  neatly,  read,  nearly. 

II  dele  In. 

< 164  Antepen.  infer t ef. 
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AD  VERTI  SEMENT. 


HE  greatell  part  of  the  publications 


which  have  appeared  on  the  fubjeHs 
treated  of  in  Mifcellaneous  Articles,  after 
having  drawn  their  readers  into  much  un- 
necelTary  expence,  have  left  them  nearly 
in  the  fame  Hate  of  ^ignorance  as  that  in 
wdiich  they  were  found. 

This  has  arifen  partly  from  the  obfcure 
and  perplexed  manner  in  which  the  fub- 
jects  have  been  handled ; and  flill  more 
from  another  caufe,  namely,  that  the  au- 
thors themfelves  were  totally  unacquaint- 
ed with  the  practical  part  of  the  arts  they 
-wrote  upon.  Theory  without  experi- 
ment will  ever  be  liable  to  error.  To 
obviate  both  thefe  objeftions  is  the  defign 
and  intention  of  this  work.  Particular 
attention  has  been  paid  to  render  perfectly 
clear  and  eafy  every  thing  it  contains,  and 
the  editor’s  own  private  experiments  have 


repeatedly 


advertisement., 


repeatedly  confirmed  the  truth  of  every 

thing  it  advances.  • The  befl  authors  have 

been  confulted,  and  neither  pains  nor 

expence  have  been  fpared  to  render  the 
. . * - * • * 
whole  worthy  the  encouragement  and 

patronage  of  the  public. 
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Of  laying  Gold  upon  ivhi/e  Earthen  Ware, 

nnAKE  japanncrs  gold  fize  of  the  beft  fort  one  ounce, 
which  keep  in  aTjottle  well  corked ; the  fame  quantity 
of  oil  of  turpentine,  and  a book  of  leaf  gold ; then  with  two 
or  three  camel  hair  pencils,  you  will  be  ready  for  the  work. 
All  thefe  materials  rnay  be  had  at  any  principal  colour- 
fhop. 

Being  thus  provided  with  every  thing  nccelTary,  proceed 
to  work  after  the  following  manner  : 

I ft.  Pour  out  of  the  gold  fize  bottle,  about  a fmall  tea 
fpoonful  into  a fliell,  or  cup,  then  with  the  pencil  lay  the 
ground  of  your  defign  upon  the  pot ; but  obferve  to  keep 
tv.oidcning  the  gold  fize  gradttaily,  with  the  pencil,  out  of 
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the  turpentine  bottle,  for  the  gold  fize  being  expofed  to  the 
open  air,  fnon  grows  too  thick  for  tife.  A little  experience 
will  make  it  quite  eafy  to  be  undei  flood.  When  the  ground 
is  laid  according  to  thedcfign,  fet  the  pot  in  a clean  place  to 
dry  leifurely  for  the  fpace  of  one  hour,  then  place  it  as  near 
the  fire  as  you  can  but  juft  endurethe  heat  with  your  hand  for 
about  four  fecondsof  time.  Inthisfituationlet  it  remain, until 
by  prefting  your  finger  upon  the  ground,  and  taking  it  fud- 
denly  off,  it  will  give  a ring,  then  lay  the  gold  on  (as  direded 
below)  and  it  will  look  like  burnifhed  gold,  then  with  the 
pencil  and  gold  fize  touch  the  places  you  would  have  fha- 
dowed,  and  it  is  ready  to  be  baked'in  an  oven  for  two  hours, 
after  which  it  will  bear  wafhing,  and  continue  bright  many 
years. 

This  experiment  will  fuccced  very  well  upon  glaftes 
which  have  figures  or  ornaments  of  any  kind  ground  upon 
them,  fuch  as  decanters,  pints,  wine  glaffe^,  &c.  The 
procefs  of  laying  on  the  fize,  and  gold,  is  the  fame  as  for 
pots,  only  obferve,  when  you  lay  the  gold  on,  not  to  prefs 
it  too  hard  for  fear  of  breaking  the  glafs,  which  I have 
fometimes  done  before  I was  well  acquainted  with  the  pref- 
fure  it  would  bear,  for  glafs  is  exceeding  tender  when  ground 
deep.  Obferve,  when  you  lay  the  fize  on,  that  you  do  not 
daub  it  upon  the  polifhed  furface  of  the  glafs ; if  you  do, 
the  w'ork  will  not  look  neat ; for  if  the  glafs  has  a bad 
figure  ground  upon  it,  it /will  be  impoftible  for  you  to  make 
any  amendment.  Be  careful  to  lay  the  fize  on  even, 
after  which,  put  the  glafs  in  a tin  oven  before  the  fire,  till 
by  touching  the  fize  with  your  finger,  and  fuddenly  taking 
it  off  again,  the  veffcl  will  ring  as  before  mentioned,  and 
then  it  is  ready  for  laying  on  the  gold;  in  doing  which,  I 
have  tried  feveral  methods,  but  ftiall  only  mention  two,  and 

leave 
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S 

leave  it  to  vour  choivc  to  follow  which  you  like,  or  maice. 
further  improvement. 

Finl,  I took  a book  of  leaf  goUl,  and  laid  it  on  the  table, 
then  carehdly  look  from  the  book  one  of  the  leaves  pf  pa- 
per, and  rubbed  one  fide  of  it  upon  my  forehead,  which 
gave  it  Inch  a clammy  moidurc,  that  when  I laid  it  upon 
the  leaf  of  gold  in  the.  book,  and  gently  droked  it  over,  the 
gold  adhered  to  it,  fo  that  I could  cut  it,  along  with  the 
paper,  into  as  narrow  (hreds  as  I pleafed,  for  the  ftalks  of 
flp\vers,  dec.  likewife  into  fquarcs  of  .every  dimenfion ; 

I then  took  fuch  pieces  as  fuited  me,  and  laid  them 
upon  the  fizc  (it  being  in  proper  order)  and  gave  them  a 
gentle  preffure  with  my  finger,  in  order  to  fafl.en  them  until 

I « < a . .. w 

fuch  time  as  I threw  the  paj^ers  away,  and  gathered  up  a 
piece  of  cotton-wool,  with  vv'hich  I prefTed  them  all  over, 
continuing  the  fame  operations  until  the  whole  was  com- 
plcatcd,  then  wiped  off  the  fuperfluous  gold,  and  fliadowed 
the  ornaments  in  their  proper  places,  putting  it  into  an  oven 
to  bake  two  or  three  hour',  and  the  work  w'a.s  finiflied. 

I praclifed  the  above  method  for  fome  time,  but  experience 
foon  convinced  me,  that  the  face  of  the  gold  had  not  that  j 
bright  luflre  which  it  ought  to  have  had;  I therefore  pro- 
cured a cufhion,  and  with  a knife  cut  the  gold  to  the  dimen- 
fions  wanted,  and  with  a piece  of  cotton-wool  took  it  from  i 
off  the  cufhion,  and  laid  it  on  the  glafs,  and  this  fucceedecj 
to  my  fatisfa6lion. 

J-fow  to  ftlver  Looking  GhJJeSr 

I N order  to  go  complcatly  forward,  you  be  pre- 
pared with  the  following  articles,  viz.  . ’ 

* B 2 ift.  A , 
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ift.  A fquare  marble  flag,  or  fmooth  ftonc,  well  polilTied, 
and  ground  exceeding  true,  the  larger  "the  better,  with  a 
frame  round  it,  or  a groove  cut  in  its  edges,  to  keep  the  fu- 
perfluous  mercury  from  running  off.  2d.  Lead  weights 
covered  with  cloth,  to  keep  them  from'fcratching  the  glafs, 
from  I pound  weight  to  12  pounds  each','  according  to  the 
fize  of  the  glafs  which  is'  laid  down.  ‘ 3d.  Rolls  of  tinfoil, 
4tli.'  Mercury  or  quickfilvcr,  with  wLich  you  mull  be  vvJl 

•*  j ^ I . i 

provided.  Then  proceed  as  follows  : 


Cut  your  ^tinfoil  a little  larger  than  your  ^lafs  every 
way,  and  lay  it  flat' upon  the  flone,  and  with  a flraight  pletc^ 
of  hard  wood,  about  three  inches  long,  ftroke  it  everyway, 
that  there  b.e  no.creafcs  or  wrinkles  in  it,  then  drop  a little 
mercury  upon  it,  and  with, a piece  of  cotton-wool  or  hare’s 
foot,  fpread  it  all  over  the  foil,  fo  that  every  part  may  be 
touched  with  the  mercury.  (Now  here  obferve,  that  ‘the 
marble  flab  be  nearly  level  with  the  horizon)  then  pour  611 
the  mercury  all  over  the  foil,  and  cover  it  with  a fine  paper, 
and  lay  two  weights  very  near  its  Ibwcft  end  or  fide,  to  keep’ 
your  glafs  fleady,  while  you  draw  your  paper  from  betwixt 
the  filvered  foil  and  the  glafs,  wvliich  mult  be  laid  upoit  the 
paper,  as  you  dra\t  the  paper,' you  mufl  take  care  that  no  air,, 
bubbles  be  left,  for  they  wifi  always,  appear  if  left  in  at 
tlic  firfl,  you  rhuft  likew  ife  be  fure  to  make  the  glafs  as 
clean  as  poflibleOu  the  fulc  intended  to  bn  filvered,  and  have 
the  paper  alfo  quite  clean,  otherw'ifc,  when  you  have,  drawn 
the  paper  from  under  it,  dull  white  ftreaks  will  appear,  whicli 
are  very  difagrecable,  • ^ 


After  the  paperisdrawn  out,  place  as  manv  weights  upon 
the  glafs  as  you  conveniently  edn,  in  order  to  prefs'out  the 
fuperfluous  mercury,  and  mafce  the  foil  adiiere  to  the 
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j^Lifs.Whcn  it  has  lain  lix  or  I'even  hours  in  this  fituation  raifc 
the  none  about  two  01  three  inches  at  its  higheftend,  that 
as  much  ol  the  mercury  may  run  oft'  as  poftible;  let  it  remain 
two  days  before  you  venture  to  take  it  up,  but  before  you 
take  the  weights  off,  gendy  bruflr  the  edges  of  the  glafs,  that 
no  mercury  may 'adhere  to  them  ; then  take  it  up,  and  turn  , 
it  direclly  over  with  its  face  fide  downward,  and  raife  it  by 
degrees,  that  the  mercury  may  not  1 drip  off  too  fuddenly; 
for  if  when  taken  up  it  is  immediately  Tct  perpendicular’ 
air  will  get  in  between  the  foil  and  the  glafs  at  the  top,  as  the' 
mercury  defeends  to  the  bottom,  by  which  means,  ifyou  be 
not  cxceedmgly  careful,  your  labour  will  be  loft;  a very'- 
little  pra(5Vice,  ftri£lly  obferving  the  aibov'e  rules,  will  foon 
cncomagc  the  young  artift  to  purfue  this  picafing  experiment 
with  pleafure  aivd  profit. 

Another  method,, and  . which  I prefer,  is  to  Aide  the  glafs 
oyer  the  foil  without  the  aftiftance  of  paper,  as  direcffcd  for 
filvering  menifeus  glaffes,  . 

I would  advifeatthe  firft  to  begin  with  fmall  glaftcs,  and ' 
fo  proceed  to  larger  ones  by  degrees. 


To  foliate  Glafs  Globes. 


TAKE  half  an  ounce  of  clean  lead,  and  melt  it  with  at?’ 


equal  weight  of  pure  tin  ; then  iinmediateiy  add  half  an 

ounce  of  biiinuth,  and  carefully  fkim  ofF’tHe  drofs,  then 

1.  ir”  ’ 'i 

remove  the  lead  from  the  fiic,  and  before  the  mixture 


grows  cold,  add  five  ounces  of  mercury,  and  ftir  the  whole 
well  together ; then  put  the  fluid  amalgam  into  a clean 
glafs,  and  it  is  fit  furufe. 


When 
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When  this  amalgai'n  Is  ufed  for  foiling  or  filvering,  let 
it  firft  be  flrained  through  a linen  rag;  then  gently  pound 
fomc  ounces  thereof  into  the  globe  intended  to  be  foiled; 
the  mixture  flioul4  be  poured  into  the  globe  by  means  of  a 
gfafs  or  paper  funnel,  reaching  almofl  ’tp  the  bottom  of  the 
globe,  to  prevertt  its  fplafliing  to  the  fideaslLthen  dexteroully 
inclining. (though, very  flovvly)  the  globe  every  way,  in  order 
to  fallen  the  filver.;  when  this  is  once  done;  let  the  globe  reft 
fome., hours ; then  repeat  the  operation  till  at  Idngth  the  fluid 
mafsis  fpread .even,; rand,  fixed  over  the  whole  internal  lur- 
face  ; as  it  may  be  knoiwn  to  be  by  '{'ie,v\l'ing  the  globe  againft  . 
the  light;  and  thtnlthe  fuperfluous  anjalgam.  m'ay  be  poured 
out,  and  the  outfide  of  the  globe  cleared,  and  the  operation 
is.  ended.  u, 

i 4 ' 

. I hiir.  / . 'in  ;/ 

* 

In  this  manner  are  made  thofe  fhining  fphcrical  globes 
appearing  like  glaffes  filled  with  quipcfilveri'  w'hich  we  fee 
hung  up  in  parlours,  near  the  cieling,  to  invite  the  fliks'iii^^’ 
fummer  from  the  windows,  and  other  parts  of  the  roofh^ 
where  theymight  prove  more  ofFenfive. 

The  operator  has  confiderable  advantage,  as  it  can  be  per- 
formed without  heat,  and  is  not  attended  with  the  danger  of 
polfonous  fumes  from  arfenic,  or  other  unvvholefome  matters 
ufually  employed  for  this  purpofe,  and  how  far  it  is  appli- 
cable to  the  more  commodious  foiling  of  the  common 
looking  glaffes  and  other  fpcculums,^  may  deferve  to  be 
confidered  : I have  tried  it  on  feverdr  irregular  furfaces, 
jnditJias  anfwer.ed  exceeding  well. 

’ I I . ° j.  .r,:'.'  ; . 
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ioftlver  the  Convex  Side  of  Menifcus  Ghffes  for  Mirrors. 

I \ • 

TAKE  an  earthen  plate,  on  which  pour  fome  prepared 
plader  ot  Paris,  mixed  with  water,  of  a proper  confidence  ; 
then  immediately,  before  it  grows  too  diff,  lay  your  menif- 
cus  with  its  convex  fide  downward,  in  the  middle  of  the 
plate,  and  prefs  it  till  it  lies  quite  clofc  to  the  plader,  in 
which  litiiation  let  it  remain,  until  the  plader  becomes 
quite  dry  ; after  which,  work  a groove  with  your  finger 
round  the  outfidc  of  the  mcnifeus,  in  order  to  let  the  fu- 
perduous  mercury  red  upon  it ; then  cut  the  tinfoil  to  a 
proper  fize,  and  prefs  it  with  the  mcnifeur.  into  the  plader 
mould,  in  order  to  make  it  lie  clofe;  alter  which  cover  it 
with  the  mercury,  and  without  a paper,  (as  direfted  for 
fdvering  plain  mirrors)  Aide  it  over  the  lilvered  foil  \ then 
place  a weight  on  it,  and  let  it  dand  two  or  three  days, 
raifing  it  by  degrees,  that  the  mercury  may  drip  off  gra- 
dually, and  you  will  find  it  anfwer  your  expedtation. 

After  this  method  common  window  glafs,  See.  may  be 
fdvered. 


To  lay  Paper  Prints  on  the  infule  of  Glafs  Globes. 

FIRST  cut  off  all  the  white  part  of  your  impreffion,  fo 
that  nothing  appear  but  the  print ; then  prepare  fome  drong 
gum  arabic  water,  or  fize,  with  which  you  mud  brufii  over 
the  face  fide,  after  which  put  it  into  the  globe,  and  with  a 
long  fmall  dick,  on  which  a camel  hair  pencil  is  fixed,  dick 
It  even  on,  and  bv  this  method  you  may  put  what  quantity 

* * * * r 
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of  prints  you  picafe  into  the  globe ; let  llicin  dry  about 
twelve  hours,  then  pour  fume  prepared  pluller  of  Paris, 
cither  white  or  tinged  whatever  colour  you  plcafc,  and 
turn  the  globe  cafily  about,  fo  that  every  part  be  covered, 
.then  pour  out  the  fuperfluous  plafter,  and  it  is  finifhed. 


How  to  take  hnprejjicns  from  Medals,  (Je.  ,in  Plafer  of  Pans. 

AFTER  having  oiled  the  furfacc  of  your  mould 
gently  with  a little  cotton,  or  a camel  hair  pencil, 
dipped  in  oil  of  olives,  put  a heop  of  paper  round  it, 
cxadlly  to  the  thicknefs  you  would  chufc  your  im- 
pre/lion  to  be  made ; then  take  fomc  prepared  plaftcr  of 
Pans,  in  a tea-cup  or  bafon,  according  to  the  cjuantity  w'anted 
tp  be  at  that  time  ufed,  and  fome  hdr  water,  to  the  con- 
fidence of  a very  thick  cream,  and  with  a brufh  rub  over 
the  furfacc  of  the  mould,  and  immediately  afterwards  make 
it  to  a fufficient  thicknefs  ; for  rubbing  the  furface,  en- 
tirely prevents  any  air  holes  from  appearing  on  the  im- 
preflion.  Let  it  dand  about  lialf  an  hour,  and  it  will  in 
that  time  grow  fo  hard,  that  you  may  verv  fafely  take  it 
off;  then  pare  it  fmooth  on  the  back,  and  neatly  round  the 
edges,  and  it  is  done.  It  fhould  be  dried,  if  in  cold  or 
damp  weather,  before  a brifk  fire.  In  tins  operation 
when  you  have  made  the  imprellions  to  a proper  thicknefs! 
you  diould,  w'hiie  they  are  w’et  in  the  moulds,  fprinkle 
them  with  fome  of  the  powder,  which  makes  them  con- 
liderably  harder,  and  dry  fooncr.  If  you  cover  the  face 
of  the  mould  with  fine  plader,  a eoarferfort  will  do  to  fill 
It  up  w'irh,  and  be  a confiderable  faving  ; but  I would  alfo 

advife 
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advifc  you  not  to  mix  more  plafter  at  one  time  than  what 
vou  immediately  want,  becaufe  it  will  be  apt  to  thicken  too 
foon,  and  fo  the  fuperfluous  quantity  will  be  loft  (until 
it  be  burnt  again,  and  go  through  the  fame  operation  as 
when  at  firft  prepared)  for  adding  water  to  it  to  thin  it,  will 
quite  prevent  it  from  ever  letting  hard  a fecond  time,  without 
burning  it  afrelh. 


T'o  prepare  a Plajier  Mould  fo  as  to  ‘tale  a Brhnfone  cr  JVax 
Imprejfion  from  it. 

LET  your  plafter  mould  be  quite  dry,  then  dip  It  in 
the  following  mixture,  viz. 

Take  half  a pint  of  boiled  linfeed  oil,  and  fpirlt  of  tur- 
pentine one  ounce,  mix  them  together  in  a bottle ; when 
wanted,  pour  the  mixture  into  a plate  or  faucer,  and  dip  the 
I'urface  of  your  mould  into  it,  take  your  mould  out  again, 
and  when  it  has  fucked  up  the  oil,  dip  it  again  ; repeat  this 
till  the  oil  begins  to  ftagnate  upon  it ; then  take  a little 
cotton-wool,  hard  rolled  up,  (to  prevent  the  oil  from 
fticking  to  it)  and  wipe  it  carefully  off;  lay  it  in  a dry 
place  for  a day  or  two,  (if  longer  the  better)  and  the 
mould  will  acquire  a very  hard  furface  from  the  effedl  of 
the  oil ; w'hen  ufed,  it  muft  be  oiled  with  oil  of  olives  in  the 
fame  manner  as  before  directed. 


How  to  caf  Brbnjlone,  and  give  it  a metallic  Glofs^ 

TAKE  fome  ftone  brlmftone,  melt  it  in  an  Iron  ladle 
over  the  fire,  let  it  flame  for  about  five  or  fix  minutes,  then 
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take  it  off,  and  with  a piece  of  board  extinguifh  the  flame, 
and  let  it  cool  a little  fo  as  not  to  leel  like  glue,  or  run  ropy, 
it  is  then  proper  for  life  ; and  you  may  pour  it  into  your 
mould,  in  which  let  it  ftand  five  or  fix  minutes,  and  you 
may  take  it  off ; pare  it  as  before,  and  rub  the  furface  of 
the  impreflion  over  with  fome  cotton,  and  the  beft  pow- 
der of  black  lead,  which  will  give  it  a very  fine  metallic 
glofs. 


How  to  ?nahe  Sulphur  Red  or  Green,  and  caji  it  in  Moulds  like 

Marble. 

TAKE  two  ounces  of  beft  clean  ftone  brimftone,  and 
melt  it  flowly  over  a gentle  fire,  without  letting  it  flame ; 
when  it  is  melted,  add  one  ounce  of  vermilion,  ftir  them 
well  together,  then  pour  the  compofition  over  the  furface 
of  your  mould,  and  immediately  pour  it  off  again,  and  fill 
the  mould  up  to  a proper  thicknefs  with  common  brimftone, 
let  it  ftand  the  fame  time  as  before-mentioned,  then  pare  and 
rub  over  the  furface  w’ith  fome  clean  cotton,  which  wdll 
give  it  a polifli  \ the  more  impreflions  you  can  make  at  once 
melting  the  better,  becaufe  the  brightnefs  of  the  red  fades, 
the  offener  it  is  melted : it  mav  be  made  green  by  ufing 
it  in  the  fame  manner,  and  by  adding  the  fame  quantify  of 
the  beft  fmalt,  inftead  of  vermilion,  only  it  requires  more 
Itirring  to  mix  it  properly ; it  may  alfo  be  made  to  imitate 
a beautiful  marble,  by  mixing  feveral  colours  feparately,  and 
made  in  fmall  fquares  of  equal  fizes,  which  break  into  exa£l 
lengths,  and  difpofe  them  according  to  your  fancy,  endwife 
in  an  iron  frame  that  will  open  with  a joint,  after  wdiich, 
melt  them  together,  and  the  colours  will  unite  in  a pleafing 
manner,  and  each  will  appear  diftind.  When  you  melt  it 
be  careful  not  to  fhake  it,  and  let  it  cool  by  degrees. 

How 
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Hoiv  to  chiife  Plnjicr. 

I IT  is  beH:  to  chufe  plafler  In  (lone,  the  fined  and  cleared 
I parts  only,  for  if  you  have  It  in  powder,  it  is  not  to  be  dc- 
I pended  on  fo  well.  Take  great  care  that  it  may  be  very 
well  burnt,  and  well  pounded;  alfo  very  white,  and  (ilied 
•j  through  a fine  tiffany,  then  it  may  be  laid  up  in  abo'Cfor 
I life.  In  London  this  precaution  is  unneceffary,  becauie  it 
j may  be  procured  good  (according  to  the  price)  of  the  dealers 
in  this  article. 


Qf  colouring  Plnjler, 

PLASTER  of  Paris  may  be  tinged  with  feveral  colours- 
w’hen  your  are  cading,  by  mixing  it  with  Pruflian  blue,  red 
lead,  orpiment,  6cc.  with  which  you  may  compofe  a blue, 
red,  yellow,  and  green,  ^c.  and  it  has  a very  good  effe6l  when 
the  railed  part  is  -white,  red,  &c.  and  the  ground  of  ano- 
ther colour.  But  it  is  to  be  obferved,  that  the  coloured  im- 
predions  take  a longer  time  in  becoming  hard,  than  when 
’ the  plader  is  unmixed.  But  if  you  fift  fome  plader  upon 
the  top  of  your  cad  (when  it  happens  to  be  a flat  figure) 
it  will  fet  the  fooner,  and  the  fuperfluous  part  may  be  pared 
off  w'hcn  thoroughly  dried, 


To  lay  Mezzothito  Prints  upon  Glafs.. 

PROVIDEa  clear  plate  of  glafs,  as  dralght  as  poffible 
a little  larger  than  the  print,  then  deep  the  print  flat  way, 
i;i  warm  water  about  an  hour,  and  with  a thin  knife,  fpread 
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Venice  turpentine,  or  varniOi,  exceeding  thin  an  even  over 
one  fide  of  the  glafs,  which  muft  be  kept  warm,  that  the 
turpentine  may  fpread  the  better;  andobfcrve  that  there  be 
not  the  leaft  fpeck  of  the  glafs  uncovered  with  the  turpen- 
tine. Then  take  the  print  out  of  the  water,  and  lay  It  on  a 
fmooth  table  between  two  cloths,  or  feveral  folds  of  paper, 
in  order  to  take  out  the  fuperfluous  water.  When  this  is 
done,  lay  the  print  upon  the  glafs  by  degrees,  beginning  at 
one  end,  and  firoke  outward  that  part  which  is  faftened  to 
the  glafs,  that  no  wind  or  water  may  lie  betwixt,  as  it  will 
caufe  blifters,  which  you  muft  be  careful  to  ftroke  out.  The 
print  being  laid  upon  the  glafs  in  the  moft  exa£l  manner, 
proceed  to  rub  it  with  your  finger  until  all  the  thicknefs  of 
the  paper  is  come  off  in  little  rolls,  and  nothing  is  left  upon 
the  glafs  but  a little  film,  like  a fpider’s  web,  that  is  fall 
ftuck  to  the  glafs  by  the  turpentine,  See.  great  care  muft  be 
taken  in  rubbing,  that  no  holes  arc  made  in  the  print,  ef- 
pecially  in  the  lights,  which  are  the  moft  tender  parts.  If 
the  print  be  large,  fo  that  fome  parts  of  the  paper  become 
dry,  while  you  are  rubbing  the  other,  you  fhould,  with  a 
little  water  on  your  finger,  w'et  them  as  you  fee  occafion, 
to  keep  them  moift,  for  the  paper  will  not  rub  when  dry. 
W hen  you  have  rubbed  the  paper  till  it  appears  tranfparent 
on  the  back,  fet  it  up  to  dry  for  three  or  four  hours  : after 
which  varnifh  it  over  with  turpentine  or  maftic  varnilh,  two 
or  three  times,  or  till  you  fee  it  tranfparent,  and  after  it  has 
flood  a day  or  two  to  dry,  proceed  to  paint  it. 


Colours  proper  for  painting  upon  Glafsy 

ARE  beft  procured  at  colour-fliops,  prepared  in  little 
bladders  on  purpofe,  viz.  flake  white,  lamp  black,  umber, 
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vermilion,  inallicote,  Pnifllan  blue,  verdigreafr,  Ac.  Ul- 
tramarine itor  blue)  and  caimine  (for  red)  are  belt  kept  in 
powder,  as  being  lealt  liable  to  tvalle  in  that  Hate ; and 
when  anted  for  u|e,  a Imall  ijuantity  may  be  iiu.VLd  up  wilb 
a drop  or  two  ol  nut  oil  with  your  pallet  knife. 

t 

To  get  the  colours  out  of  the  bladders,  prick  a fmall 
hole  near  the  bottom,  and  prels  it  until  you  have  enough 
tor  your  prclent  ulc ; bccaule  the  colours  are  apt  to  dry  and 
Ikiin  over. 

With  thefe  colours  you  may  cxadly  imitate  any  colour 
\vhatl'oever,  by  ditferent  ways  and  methods  of  Uiixingt 
according  to  your  lancy. 


Tl’e  Method  of  uf>ng  the  Colours. 

A S the  lights  and  fhades  of  your  print  open,  lay  the 
lighter  colours  find,  on  the  lighter  parts  of  your  print,  and 
the  darker  over  the  fhaded  parts  ; and  having  once  laid  on  the 
brighter  colours,  it  is  not  material  if  the  darker  forts  are 
laid  a little  over  them ; for  the  find  colour  will  hide  thofe  laid 
on  afterwards, 

When  any  colours  are  too  Hrong,  they  may  be  lightened 
to  any  degree  by  mixing  white  with  them  upon  your  pallet; 
or  you  may  darken  them  as  much  as  you  plcafe,  by  mixing 
them  with  a deeper  lhade  of  the  fame  colour. 

The  colours  mufl  not  be  laid  on  too  thick  ; but  if  tron- 
blefome,  thin  them  before  you  uie  them  with  a little  oil  of 
turpentine. 


Take 
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Take  care  to  Iiave  a pencil  for  each  colour;  and  never 
life  that  which  you  haveufed  for  green  with  any  other  co- 
lour, without  firft  wafhing  it  well  with  oil  of  turpentine, 
as  that  colour  is  apt  to  appear  predominant  w hen  the  colours 
arc  dry. 

Wafh  all  the  pencils  after  ufing,  in  oil  of  turpentine. 


To  wajh  any  Powder  very  fine for  Cclours. 

YOU  mud  have  four  or  five  large  wine  glafies  by  you, 
and  two  or  three  quarts  of  dear  water,  p'ill  one  of  your 
glades  with  it,  and  put  in  half  an  ounce  of  the  colour  you 
intend  to  wafli,  dir  it  well  about  with  a knife,  and  permit 
it  to  dand  about  ten  feconds  of  time,  in  order  to  let  the 
gritty  parts  fettle  tp  the  bottom  before  you  pour  it  into  ano- 
ther  glals,  which,  let  it  remain  until  the  next  day,  w'hcn  it 
will  be  quite  fettled,  then  pour  off  the  water,  and  the  pow'- 
der  will  be  left  very  fine,  which  dry,  and  paper  up  for  ufe, 
but  fome  powders  will  require  a longer  time  to  fettle, 
therefore  mud  be  treated  accordingly. 


To  make  the  befi  drying  Oil. 

MIX  a little  letharge  of  gold,  with  linfeedoil,  boil  it 
over  a fiow  fire,  but  not  too  much,  led  it  diould  prove  over 
thick,  and  be  unferviccable. 


To  make  Turpentine  Varnifij  for  the  above  Prints. 

Rut  one  ounce  of  Venice  turpentine  in  an  earthen 
pot,  place  it  over  a flow  fire,  and  when  it  is  dilTolved,  add- 
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two  ounces  of  oil  of  turpentine  ; as  foon  as  tltey  boil  take 
ofF  the  pot,  and  wlicn  the  varniih  is  cool,  keep  it  in  a glafs 
bottle;  this  and  all  other  varnilhes  ought  to  be  Hopped  clofe 
up,  and  well  fecured  from  the  air.  With  this  you  may  var- 
niih prints  on  glals  or  other  things,  to  render  them  tranfpa- 
rent : it  the  varniih  (hould  be  too  thick,  you  may  thin  it 
with  the  addition  ot  a little  oil  of  turpentine ; if  too  thin 
add  a little  more  Venice  turpentine. 


To  make.  Alajilc  Varnipo  for  I he  above  Prints. 

TA  KE  two  ounces  of  the  cleareft  gum  maftic  you  can 
choofe,  powder  it  finely,  and  put  it  in  a bottle  with  fix  ounces 
of  oil  of  turpentine.  Hop  the  bottle  clofe,  and  fhake  them 
well  together  till  they  are  well  incorporated.  Then  hang 
the  bottle  in  a velfel  of  boiling  water  for  half  an  hour, 
during  which,  lliake  it  three  or  four  times;  if  you  would 
have  it  ftronger,  let  it  boil  a quarter  of  an  hour  more,  and 
it  will  be  fit  for  ufe. 

If  it  fhould  not  happen  to  fuit  your  convenience  to  mix 
and  prepare  the  colours,  varnifhes,  &c.  yourfelf,  they  may 
be  had  ready  for  ufe  at  the  colour-fliops  in  any  quantity. 


InJlruSflons for  the  Improvement  of  Touth  in  the  Art  of  Drawing. 

AS  the  art  of  drawing  is  not  only  an  innocent,  andufe- 
ful  amufement  for  youth ; but  a qualification  highly  expe- 
dient, if  not  abfolutely  necelTary;  to  render  the  Hudy  and 
practice  of  it  eafy  and  entertaining,  will  be  efieemed  an  ac- 
ceptable fervice  to  the  public. 


Not 
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Not  that  this,  or  any  other  book  of  the  like  nature  (how-, 
ever  correft)  is  a fufficient  guide  of  itfelf.  For  this  ac- 
compli/hment  (like  Other  arts)  can  never  be  perfedly  ac- 
quired, without  patience  and  indultry. 

The  young  prailitionermuft  be  brought  forwards  by  pro- 
per gradations ; the  outlines  of  a figure  murt  be  hisfirft  care, 
(as  the  platform  muft  be  firlt  laid,  before  the  building  can 
be  ereifled)  and  he  mufi  be  content  to  copy  parts  of  objecls* 
before  he  indulges  his  curiofity  too  far,  and  makes  the  leafl; 
attempt  at  a finifhed  piece,  but  what  he  will  find  here  care- 
fully obferved,  will  be  the  bed:  cliredlion  for  his  future  pro- 
grefs. 

He  mufl  not  be  too  hot,  or  eager  after  new  tranfitions 
from  one  plate  to  another,  but  mud  dwell  upon  each,  and 
never  begin  a fecOnd  till  he  has  in  fome  meafure  made 
himfelf  madcrof  the  fird. 

He  mud  further  (if  he  is  curious,  and  aims  at  any  degree 
of  perfection)  be  very  flow  in  his  fird  operations.  Hade 
feldom  produces  any  thing  beautiful  or  correfl ; and  ill  ha- 
bits, when  once  contra£led,  arc  the  mod  difficult  things  in 
nature  to  be  removed. 

He  cannot  look  too  often  on  his  original ; and  the 
length,  breadth,  and  fimilitude  of  each  object  before  him, 
tvill  require  his  utmod  attention  and  obfervance.  And  when 
once  he  is  able,  by  care  and  application,  to  touch  up  a piece 
with  any  tolerable  beauty,  pradtice  in  a fhort  time  w ill  make 
him  expeditious,  and  render  his  labours  advantageous  and 
delightful. 
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Implements  yieccffary  for  Drawing, 

THE  implements  necefTary  for  drawins;  are compafTes, 
charcoa',  ruler,  black  and  red  lead  pencils,  pen  knife, 
port  crayons,  black,  white,  and  red  chalk,  crayons,  In- 
dian ink,  crow-quill  pens,  camel  hair  pencils,  htehes, 
paper  of  feveral  forts,  &:c. 


Charcoal  is  to  be  chofen  of  fullow-wood,  fplit  into  the 
form  of  pencils,  diarpencd  to  a point  j its  ufe  is  to  draw 
lightly  the  defign  over  at  fird,  that  if  any  part  be  amifs, 
it  may  be  wiped  out  and  amended.  Feathers  ought  to  be 
of  a duck’s  wing  on  account  of  their  ftilFnefs  (though 
others  may  ferv^e  well  enough)  with  which  you  may  wipe 
out  any  ftroke  of  the'  charcoal  where  it  is  drawn  amifs,  left 
variety  of  lines  breed  confufion.  Black  and  red  lead  pen- 
cils, are  to  go  over  your  draught  the  fecond  time  more  ex- 
a£fly,  becaufe  the  lead  will  not  wipe  out  with  your  hand, 
when  you  cotne  to  draw  with  the  pen.  Pens  made  of  ra- 
ven or  crow-quills  (but  others  may  ferve)  are  to  finifli  the 
work : here  you  muft  be  very  careful  and  exaift,  for  what 
is  now  done  amifs  cannot  be  altered.  Rulers  are  to  draw 
ftraight  or  perpendicular  lines,  triangles,  fqUares,  or  polygons, 
which,  you  are  to  ufe  in  the  beginning,  till  practice  and 
experience  may  render  them  necdlefs.  Compaftes  with 
fteel  points,  to  take  in  and  out,  that  you  may  ufe  black  or 
red  lead  at  pleafure ; their  ufe  is  firft  to  meafure  (by  help  of 
a fcale  of  equal  parts  upon  the  edge  of  your  ruler)  your  pro- 
portions, and  whether  your  work,  which  is  done  with  the 
charcoal,  is  ; alfo  to  draw'  circles,  ovals,  arches,  &c. 
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Of  ihc  Precepts  of  Draiv'mg  in  general. 

having  all  the  necefTaries  above-mentioned  In  rea- 
dinefs,  it  will  be  good  to  pra£llfe  as  much  as  may  be  without 
the  help  of  your  rule  and'  compafles ; it  is  your  eye  and 
fancy  that  ought  to  judge,  without  artificial  nacafurings. 

1.  The  firft  pra6llce  of  drawing  begins  with  plain  geo- 

metrical figures,  as  lines,  angles,  triangles,  quadrangles, 
polygons,  arches,  circles,  ovals,  cones,  cylinders,  and  the 
like  : for  thefe  are  the  foundation  of  drawing:.  The  circle 
affifls  in  all  orbicular  forms,  as  in  the  fun,  moon,  &c.  the 
oval  in  giving  a juft  proportion  to  the  face  and  mouth,  the  i 

mouth  of  a pot  or  well,  the  foot  of  a glafs,  &c.  the  fquare  1 

confines  the  picture  you  are  to  copy,  &c,  the  triangle  in 'the 
half  face  ; the  polygon  in  ground-plans,  fortifications,  &c. 
angles  and  arches  in  perfpe£live ; the  cone  in  fpires,  tops 

of  towers  and  fteeples ; the  cylinder  In  columns,  pillars,  ' 
pilafters,  and  their  ornaments.  Having  made  your  hand 
fit  and  ready  in  moft  general  proportions,  learn  to  give  every 
objeA  its  due  ftiade  according  to  Its  convexity  or  concavity, 
and  to  elevate  or  deprefs  the  fame,  as  the  objeiSI  appears 
either  nearer  or  farther  off  the  light,  which  is  indeed  the  life 
of  the  work.r 

2.  The  fecond  pra(£iice  confifts  in  forming  fruits ; as 
apples,  pears,  cherries,  peaches,  grapes,  ftrawberries  with 
their  leaves,  &c.  the  imitation  of  flowers;  as  rofes,  tulips,’ 
carnation’s,  &c.  herbs;  as  thyme,  hylTop,  &c.  trees;  as 
oak,  fir,  afh,  walnut,  &;c, 

o-  The  third  nradlice  imitates,  i.  Bcafts,as  the  lion,  horfe, 

elenhant. 
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elephant,  leopard,  clog,  Ac.  2.*  Fowls ; as  the  eagle, 
fwan,  parrot,  partridge,  dove,  raven,  Ae.  3.  Filhet;  as 
the  whale,  herring,  pike,  carp,  lobllcr,  crab,  Ac.  ot 
which  variety  of  prints  may  be  bought  at  reafonablc  rates. 

4.  The  fourth  prailicc  imitates  the  body  of  a man  with 
all  its  lineaments,  the  head,  nofe,  eyes,  ears,  checks, 
hands,  arms,  and  fliadows,  all  exadly  proportionable  both 
to  the  whole,  and  to  one  anotlier,  as  well  in  lituation  as 
mafinitude. 

O 

5.  The  fifth  pra6llce  is  in  drapery,  imitating  clothing, 
and  artificially  letting  olF  the  outward  coverings,  habit  and 
ornaments  of  the  body  ; as  cloth,  ftufF,  filk  and  linen,  with 
their  natural  and  proper  folds ; which  though  it  may  feem 
fomething  hard  to  do,  yet  excrciie  and  imkation  of  the 
choicell:  prints  will  make  it  eafy.  - 

In  drawing  all  the  foregoing  forms,  or  whatever  elfe,  you 
mun;  be  perfecl ; firll  in  the  exa6t  proportions  ; fccondly  in 
the  general  or  outw^ard  lines  before  you  fall  to  fhadovving  or 
trimming  your  work  within  In  mixed  and  uncertain 
forms,  where  the  circle  and  fquare  will  do  no  good,  as  in 
lions,  horfes,  Ac.  you  muft  w^ork  by  your  owm  judgment, 
and  fo  obtain  the  true  proportion  by  daily  pra£lice ; thus, 
having  the  lhape  ot  the  thing  in  your  mind,  firll  draw  it 
rudely  wjth  your  charcoal,  and  more  exa£lly  with  your 
lead  pencil ; then  perufe  it  well,  and  confider  where 
you  have  erred,  and  mend  it  according  to  the  idea  which 
you  carry  in  your  mind  i this  done,  view  it  again,  corrcdling 
by  degrees  the  other  parts,  even  to  the  lealt  jot,  fo  fai  as 
your  judgment  wall  inform  you  ^ having  done  w hat  yoi^ 
can,  compare  it  with  fomc  excellent  pattern  or  print  of  tho 
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like  kind,  ufing  neithej  nile  orcompafs,  but  your  own  rea- 
fon,  in  mending  every  fault,  giving  every  thing  its  due 
place,  andjult  proportion;  by  this  means  you  may  rciSlify 
all  your  errors,  and  ftep  an  incredible  way  on  to  perfedion. 

Having  good  patterns  and  copies  to  draw  by,  the  young 
artilt  mufl  learn  to  alter  them  to  other  proportions  either 
greater  or  lei's,  and  this  by  many  trials,  as  llrall  be  taught 
hereafter  more  particularly. 

Let  the  young  artift  now  begin  to  exercife  in  drawing  af- 
ter the  life,  (for  that  is  the  compleatcft,  bell,  and  moft 
perfed  copy,  which  nature  has  fet  for  obfervation)  wherein 
the  liberty  of  imitation  is  prefented  in  the  largefl;  latitude  ; 
this  will  be  attained  bv  much  pr;idice  and  diligent  exercife ; 
but  there  ought  to  be  a perfedion  in  drawing,  before  there 
can  be  the  leall  thoughts  of  colours  or  painting ; for  all 
things  belonging  to  thefe,  will  (in  a Ihort  time)  be  eafily  and 
perfedly  underllood. 


Of  particular  Ohjer^atlons  in  the  Art  of  Drawing. 

IN  drawing  after  a print  or  pidure,  put  it  in  fuch  a 
light  that  the  glofs  of  the  colours  may  not  hinder  your  fight, 
but  fo  as  that  the  light  and  your  eye  may  both  fall  obliquely 
upon  your  piece  ; which,  place  at  fuch  a diftance,  that  at 
opening  your  eyes,  you  may  view  it  all  at  once ; the  greater 
your  pidure  js,  the  farther  off  yop  mufi  place  it  to  draw 
after : which,  fet  before  you  a little  reclining.  Then  ob- 
ferve  the  middle  of  your  pidure  to  be  copied,  which  touch 
ppon  your  paper  w’ith  the  point  of  your  charcoal : obferve 
Ijkewife  the  moft  perlpicuous  and  iippermoft  figures  (if 

more 
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more  than  one)  which  touch  gently  in  their  proper  places, 
thus  running  over  the  whole  draught,  you  will  lee  the  llcc- 
letonas  it  were,  of  the  work. 

But  if  you  go  on  without  confidering  whercunto  your 
work  will  tend,  you  will  be  forced  to  draw  the  fame  many 
times  over  j and  to  as  little  purpofe,  if  you  are  not  exceed- 
ing careful,  by  which  means  your  ingenuity  maybe  dulled, 
and  you  decline  all  further  progrefs. 

Take  particular  care  of  obtaining  a right  and  true  draught, 
and  do  not  be  uneafy  becaufe  you  cannot  go  quickly  for- 
ward, for  what  you  think  may  be  done  in  two  or  three 
hours,  it  will  be  better  to  beflow  two  or  three  days  upon  ; 
by  this  means  (though  you  a£l;  leifurely,  yet  you  will  a£l 
prudently)  and  you  will  both  fooner  and  better  attain  the 
[ perfe£tion  of  what  you  defire. 

We  fliall  now  proceed  to  the  lefTons,  in  regard  to  which 
the  learner  is  here  particularly  defired  to  perfeil  himlelf 
in  thepradlice  of  the  firlf,  in  its  feveral  branches,  before  he 
attempts  the  fecond  ; and  in  the  fecond,  before  he  meddles 
with  the  third  ; not  endeavouring  to  become  mafter  of  ihe 
whole  at  once,  which  will  only  ferve  to  perplex  his  ideas, 
and  make  him  grow  weary  in  the  purfuit  of  what  he  will 
never  by  this  means  be  likely  to  attain ; whereas,  by  pro- 
ceeding gradually  from  one  lefTon  to  another,  in  the  order 
they  here  Hand,  the  rules  will  be  found  much  more  eafy  and 
practicable,  and  confequently  the  ftudy  infinitely  more 
plcafing  and  engaging. 
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LESSON  I. 

Of  Dravj  'ing  the  IniroduSJory  Lines,  ivith  the  Features  and 

Limbs feparately. 

FIRST  endeavour  to  imitate  perpendicular  or  upright 
lines,  and  then  horizontal  or  parallel  lines,  but  without 
uhng  the  ruler ; if  care  be  taken,  a few  examples  of  this 
fort  will  do.  When  you  can  do  this  well,  proceed  to  the 
curvcrl  lines,  obferving  carefully  their  different  inclinations  ; 
and  when  j'^ou  can  with  eafe  perforrn  thefc,  proceed  to  draw 
the  outlines  of  the  features  of  a human  face,  as  the  eyes, 
jiofe,  mouth,  and  ears  ; and  from  them  to  the  limbs  or 
parts  of  the  body,  as  the  arms,  hands,  legs,  feet',  &c.  they 
mufl:  be  but  faintly  fketched,  fo  as  to  be  eafdy  rubbed  down 
with  bread  or  Indian  rubber,  in  order  to  make  the  necelTary 
alterations  before  finifliintj. 

LESSON  II, 

Of  Profiles  and  Ovals. 

HA  V ING  become  mafter  of  the  former,  you  may  then, 
and  not  before,  attempt  the  profde  or  fide  face,  being  very 
careful  to  obferve  the  proportion  of  the  feveral  parts  to  each 
other ; after  this  the  full  or  oval  face,  obferving  hill  the 
bearings  of  every  feature  with  refpecl  to  the  reft,  and 
keeping  the  proportions  as  exad  as  poffible.  Divide  the 
eye  feen  in  the  front  into  three  parts  ; the  center  is  the  ftze 
of  the  light,  and  the  proper  opening  of  the  eye,  which  is  onc- 
tliird  of  its  length.  The  eye  in  profile  is  half  the  fize  of 
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the  eye  in  front,  liaving  only  one  part  and  an  half.  Tiic 
nofe  lecn  in  front  is  in  width  the  length  of  the  eye  ; and  iu 
profile  has  the  fitme  dimcnfion.  Sec  plate  1. 

t 

The  noflril  i in  height  one-third  of  tlie  width  of  die 
nole.  After  proceeding  with  great  care  in  the  above,  you 
may  begin  the  outline  of  the  body. 

LESSON  III, 

IO/u.  hole  Figures,  zviih  the  Proportions  and  Dimcnfions  of  tht 

Human  Body. 

I F on  examination  you  find  yourfelf  acquainted  with* 
and  can  eafily  imitate  the  different  features,  and  parts  of  the 
i body,  yon  may  then  begin  the  figure  in  the  following  mah- 
■ ner:  fketch  the  whole  very  lightly  with  your  pencil  or  cliar- 
coal,  then  examine  the  proportion  of  the  different  parts, 
rubbing  down  with  Indian  rubber,  and  altering  where  necef- 
fary ; when  you  have  brought  it  as  near  as  poffible  to  your 
I original,  proceed  to  finifli  the  figure  with  the  crow-quill 
I,  pen,  and  Indian  ink,  beginning  with  the  head,  next  the 
! fhoulders,  then  the  body,  after  which  the  arms  and  hands, 
then  the  hips,  legs  and  feet,  taking  care  to  correct  in  the 
finifhing  any  errors  in  the  pencil-fketch,  the  remains  of 
which  will  be  eafily  rubbed  out  with  Indian  rubber.  Ufe 
no  compaffes  till  after  a very  minute  infpeftion  with  the 
eye,  and  then  if  the  fault  cannot  be  difeovered,  a proper 
application  of  them  to  the  copy  and  original  will  greatly 
affift  the  pupil  in  peffeding  this  branch. 
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The  Proportions  and  Dhnenfions  of  the  Jtveral  Parts  of  the 

Human  Body. 

the  befi  method  of  afcertaining  thcfe,  is  to  raife  a 
perpcndiculaf  on  the  place  you  intend  for  the  middle  ot  ths 
figure,  and  divide  it  into  heads,  and  from  fuch  menfuration 
form  a fcale,  to  regulate  the  proper  dilbnces  from  any  one 
part  of  the  body  to  another  : but  as  it  has  been  more  com- 
mon to  divide  the  figure  into  ten  parts,  an  example  of  both 
thefe,  together  with  the  following  rules  for  the  illullration 
of  each,  refpe£lively  are  given  ; 


The  Proportion  of  the  Human  Body,  divided  into  Eight  Heads. 

See  Plate  II. 

THE  length  of  ihe  head  (of  firfl  divifioti  of  the  figure) 
is  from  the  cfovvn  or  top  of  the  head  to  the  bottom  of  the 

.9 

chin.  Aline  ruled  through  the  fecond  divifion  will  directly 
crofs  the  paps  of  the  breads.  The  third  divifion  will  fall  a 
little  above  the  navel.  The  fourth  acrofs  the  privities, 
which  is  exaiStly  the  middle  of  the  figure.  The  fifth  crofies 
the  middle  of  the  thigh.  The  fixth  isjud  below  the  bend 
of  the  knee  The  feventh  falls  a little  below  the  calf  of 
the  leg.  And  the  eighth  extends  to  the  bottom  of  the  heel. 
Obferve,  that  when  the  arm.s  are  extended  at  full  length 
in  a diredl  line,  the  full  extent  from  the  end  of  the  middle 
finger  of  the  right-hand  to  that  of  the  left,  is  exadlly  the 
length  of  the  figure  : from  the  middle  of  the  collar  bone  to 
the  end  of  the  middle  finger,  is  jud  four  heads,  viz.  the 
flrd  to  the  bend  of  the  fhoulder,  the  fecond  to  the  elbow', 
the  tliird  to  the  wrid,  and  the  fourth  to  the  fingers  end. 

From 
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From  fhoiilder»to  flioulder  in  .-i  man  of  common  fize,  mea- 
fure  exatlly  two  heads  ; there  can  be  no  precife  ftandard  for 
the  breadth  of  the  limbs,  which  vary  according  to  the  bulk 
of  the  perfons  and  the  movement  of  the  mufcles. 


The  Proportion  of  the  Human  Body  divided  into  Ten  Heads. 

See  Plate  II. 

THE  firfl:  of  thefe  divifions  extends  from  the  crown  of 
the  head  to  the  under  lip.  The  fecond  a little  below  the 
collar  bone ; and  a line  drawn  through  this  part  of  the 
figure,  will  prefs  over  the  middle  of  the  fhoulder.  The 
third  divifion  will  make  a line  juft  below  the  paps 
of  tiie  breaft.  The  fourth  will  reach  juft  below  the 
navel.  The  fifth  which  is  the  middle  of  the  figure,  di- 
re£lly  acrofs  the  privities.  The  fixth  will  pafs  over  the 
middle  of  the  thighs,  The  feventh  crofles  the  bend  of  the 
knee.  The  eighth  directly  through  the  calves  of  the  legs. 
The  ninth  reaches  half  way  from  the  calf,  to  the  bottom 
of  the  heel,  which  determines  the  tenth  and  laft  divifion  of 
the  figure. 

As  the  pupil  will  find  the  foregoing  rules  of  infinite  ad- 
vantage, it  will  be  again  neceffary,  to  advife  him  to  make 
due  application,  till  it  become  ftrongly  imprefled  on  his 
mind,  and  they  will  enable  him  to  judge  of  the  productions 
of  nature  in  the  formation  of  the  human  body,  but  it  is  in- 
difpenfibly  neceffary  that  the  pupil  fliould  have  fome  know- 
ledge in  anatomy,  it  being  the  fundamental  part  of  defign, 
which  enables  him  to  difeover  the  beauties  of  the  antique  ; it 
would  therefore  be  neceffary  to  recommend  the  ftudent  to 
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pay  fome  attention  to  it,  as,  fo  much  of  it  as  is  necelTary 
for  draiightfmen,  is  very  eafily  retained. 


LESSON  IV. 


Of  Drapery. 

HAVING  drawn  the  out  line  of  the  figure  you  want 
to  clothe,  faintly  with  charcoal,  whifking  out  the  faulty 
part  with  a feather,  till  the  figure  appear  in  the  attitude  and 
proportion  of  the  original ; fketch  the  outline  of  your  dra- 
pery lightly,  with  the  feveral  folds,  remembering  that  they 
muft  not  crofs  each  other.  Due  regard  murt  likewife  be 
paid  to  the  quality  of  the  drapery ; as  Huffs  and  woollen 
cloth  are  more  harfh  than  filk,  which  is  always  flowing  and 
eafy.  Remember  that  the  drapery  mufl  not  flick  too  clofe 
to  the  body,  but  let  it  feem  to  flow  eafy  about  it,  and  yet 
appear  fo  that  the  motion  of  the  figure  be  free  and  natural. 
Be  careful  that  the  drapery  fuppofed  to  be  blown  by  a breeze 
of  wind  all  flow  one  way,  and  draw  the  parts  next  the  body 
before  thofe  which  fly  off.  The  garments  mufl  always 
bend  with  the  figure,  and  if  you  make  the  drapery  almofl 
clofe  to  the  body  the  fmaller  mufl  be  the  folds,  and  if  quite 
clofe  there  mufl  be  no  folds,  but  only  a faint  fhadow,  tore- 
prefent  that  part  of  the  body  which  it  covers ; the  ftudent 
Ihould  take  every  opportunity  to  improve  in  this  ufeful 
branch,  by  remarking  the  folds  as  they  appear  in  the  dra- 
pery of  gentlemen  and  ladies,  according  to  the  feveral  po- 
fitions,  by  following  this  unerring  rule  of  nature,  the 
learner  will  greatly  heighten  his  own  ideas,  and  foon  attain 
perfedtion. 


Thus 
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Thus  far  might  ferve  to  give  tlie  young  draftfnian  a ge- 
neral idea  of  drapery ; but  that  he  may  not  be  at  a lofs  in 
perfedling  himfelf  in  this  art,  a few  more  general  inftruc- 
tions  may  not  be  unnecelTary. 

I.  Be  careful  to  avoid  overcharging  your  figure  with  a 
fuperfluity  of  drapery.  2.  Let  as  much  of  the  form  of  the 
body  as  poflible  be  fhewn  underneath  it.  3.  When  the 
draperies  are  large,  throw  them  into  as  many  folds  as  you 
can,  and  let  thefe  be  large  and  graceful.  4.  On  the  con- 
trary, let  thofe  which  are  clofe  to  the  body,  be  loofened  by 
fmall  folds  judicioufly  placed  ^ it  will  bethe  means  of  avoid- 
ing that  ftiffnefs,  which  for  want  of  this  caution  appears, 
when  the  drapery  is  made  to  fit  too  (trait,  and  makes  the 
figure  feem  as  if  wrapped  round  with  a bandage,  inftead  of 
being  gracefully  clothed.  5.  When  much  drapery  is  re- 
quired, let  the  greater  part  (if  poffible)  be  thrown  into 
(hadow.  6,  Obferve  that  the  folds  which  fall  in  the  light 
mud  have  fuch  foft  and  tender  fhadows,  as  may  make 
them  fit  hollow  from  the  body,  and  not  feem  to  girt  too 
clofely  to  it.  7.  Let  the  folds  be  properly  contrafted,  and 
avoid  (trait  lines  as  much  as  polTiblc.  8.  A judicious  re- 
petition of  folds  in  a circular  form  greatly  contributes  to  cha- 
radterife  a fore-fhortened  limb.  9.  In  fixed  attitudes  let 
the  drapery  appear  motionlefs  (unlefs  expofed  to  the  air). 
But  the  drapery  of  figures  moving  with  great  agility,  fhould 
feem  to  play  as  if  agitated  by  the  wind,  but  in  proportion 
only  to  the  velocity  of  the  figures  in  motion 

To  conclude  this  part  of  the  fubjedl  with  one  ufeful 
caution,  viz.  Let  the  pupil  be  careful  how  he  fludies 
(latues,  and  remember  that  the  bed  of  them  are  only  me- 
paorials  of  thofe  great  artids,  whofe  lives  were  fpent  in  en- 
deavouring 
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dcavouring  to  exprefs  their  own  idea  of  perfcftion,  which 
varied  according  to  the  different  tafte  of  each,  and  the  na- 
ture of  the  materials  upon  which  they  wrought:  and  let  it 
likewife  be  remembered,  that  there  is  a fliffnefs  which 
jliould  be  fludloufly  avoided  in  a copy  (even  though  a cor- 
rc£l  one)  made  after  the  fineft  flatue,  which  will  never  con- 
vey any  idea  but  that  of  a ftatue,  whereas  there  is  fuch  a 
freedom  obfervable  in  the  imitations  of  nature,  as  evidently 
diftinguifhes  them  from  thofe  taken  either  from  marble  or 
plafter. 


LESSON  V. 

Of  Light  mid  Shade.  • 

HAVING  out-lined  the  folds,  and  the  other  parts  of 
drapery,  you  may  next  attempt  the  fhadovving  your  figure, 
obferving  the  following  method. 


Shadow  the  drawing  with  the  pencil  or  pen;  in  which 
great  care  is  required.  Firft  obferve  from  which  fide  the 
light  comes  in,  which  if  natural  ought  to  be  from  the  right 
or  left ; for  when  the  light  comes  in  the  middle,  it  is  called 
an  artificial  light,  as  proceeding  from  fome  artificial  lumi- 
nary, as  a candle,  lamp,  &c.  Lay  your  lhades  rather  faint 

at  firfl,  that  you  may  heighten  them  at  pleafure  where 
neceffary. 

Remember  that  your  fhades  muft  be  all  on  the  fame  fide  of 
Uie  figure,  that  is  to  fay,  if  the  right  fide  of  the  face  be  in 
fl.ade,  fo  mun;  the  fame  fide  of  the  body,  arm,  leg,  &c. 
our  fhades  muft  be  faint  as  they  approach  the  light,  the 

ftrength 


i 
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Hrength  gradually  decreafing  towards  the  extremities,  to 
prevent  a harlh  appearance. 


A piece  of  paper,  or  glove  leather,  rolled  hard  and  cut 
alnioft  to  a point  like  a pencil  is  ufeful  (if  you  fhade  with 
the  pencil,  red  chalk,  or  crayons)  to  blend  the  fliades,  and 
folten  them  into  each  other,  as  alfo  where  they  appear  too 
flrong  to  weaken  them.  By  examining  nature  you  will  im- 
prove your  ideas  in  light  and  fliade,  as  w'ell  as  in  out-lines, 
and  be  enabled  to  form  a right  judgment  of  the  truth  of  your 
drawing.  Indian  ink  may  be  prepared  for  a few  different 
fliades,  by  rubbing  it  more  or  lefs  in  water  on  a marble 
flone  cut  in  hollows,  for  that  purpofe,  referving  one  of  the 
hollows  for  the  water. 


To  take  a perfect  Draught  of  a PiSfurc. 


1.  TAKE  aflicetof  the  finefl:  whitepaper  you  can  get,  wTt 
it  over  with  clean  linfeed  oil  on  one  fide,  and  wipe  the  oil 
off  again  as  clean  as  you  can,  then  let  it  ftand  and  dry,  other- 
wife  it  will  fpoil  a printed  picture  by  the  foaking  thorough 
of  the  oil;  having  thus  prepared  your  paper,  lay  it  on  any 
printed  or  painted  picture,  and  you  may  fee  perfedlly 
thorough  it;  then  with  a black  lead  pencil,  you  may  copy 
with  eafe  any  picture  on  the  oiled  paper,  then  put  it  upon 
a fheet  of  clean  white  paper,  and  with  a little  pointed  tracer, 
or  burniflier,  go  over  your  ftrokes  which  you  drew  upon  the 
oiled  paper,  and  you  fliall  have  the  fame  very  neatly,  and 
exactly  drawn  upon  the  white  paper. 


2.  HA- 
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<2  HAVING  drawn  the  pifbure,  take  the  oiled  paper, 
and  pin  it  upon  a fhcet  of  white  paper,  and  prick  over  the 
drawing  with  a pin,  then  take  it  off  and  lay  the  white  paper 
upon  the  thing  you  would  draw,  and  duft  it  over  with  char- 
coal dull  tied  loofely  in  a rag,  and  it  will  leave  a true  copy 
of  vour  original,  which  you  may  touch  up  with  a black  lead 
pencil;  the  pricked  paper  will  laft  you  longer,  and  likewife 
be  more  complete,  if  it  was  varnifhed  over  and  made  per- 
fe£lly  dry  before  you  prick  it, 

3.  TAKE  a piece  of  fine  paper  as  above,  and  brufli  it 
over  with  oil  of  turpentine,  it  will  immediately  become 
tranfparent,  and  may  be  ufed  without  lofs  of  time  in  drying. 
It  Ihouldnot  be  prepared  before  it  is  wanted,  becaufe  as  it 
dries  it  lofes  its  tranfparency. 

4.  TAKE  a flieet  of  fine  white  paper  and  rub  It  over  on 
one  fide  wfith  black  lead,  or  elfe  with  vermilion,  tempered 
with  a little  frelli  butter,  lay  the  coloured  fide  upon  a flieet 
of  w'hite  paper,  and  lay  the  pidlure  you  would  copy  out 
upon  the  other  fide  of  the  coloured  paper,  and  with  a fmall 
pointed  tracer,  go  over  all  the  ftrokes  of  your  pidure,  and 
thefirokes  will  be  drawn  on  the  white  paper. 

5.  TAKE  a piece  of  w'^hite  lanthorn-horn,  and  lay  it 
upon  your  picture,  then  w'ith  a hard  nib’d  pen,  and  ink, 
draw  the  ftrokes  of  your  pidureupon  the  horn;  and,  when 
it  is  dry,  breathe  upon  the  horn  in  order  to  moiften  the  ink, 
taen  prefs  it  hard  on  a piece  of  white  paper  a little  wetted, 
and  the  pidiire  you  drew  upon  the  horn  will  appear  upon 
the  paper.  'b[  qu  inay  reverfe  your  pidure  by  drawing  over 
the  other  fide. 


6.  LAY 
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6.  LAY  a-paper  print  upon  a bright  glals  window,  with 
the  back-fide  of  the  print  upon  the  window,  then  lay  a 
clean  paper  upon  the  print,  and  draw  the  out-ftrokes  upon 
the  paper,  which  you  may  vifibly  fee,  it  being  fet  up  againft 
the  light,  and  by  this  method  you  may  lhadow  it  as  fine 
and  as  exadl  as  you  pleafe. 


To  make  Camp  Paper,  with  xvhich  a Per  Jon  may  write  or  draw, 
zvitkout  Pen,  Ink,  or  Pencil. 

TAKE  fome  hard  foap,  mix  it  with  lamp  black,  make 
it  into  the  confiftence  of  a jelly,  with  water;  with  this, 
brufh  over  one  fide  of  your  paper,  and  let  it  dry : when  you 
ufe  it,  put  it  between  two  fheets  of  clean  paper,  with  its 
black  lide  downward,  and,  with  a pin,  or  ftick,  with  a 
(harp  point,  draw  or  write  what  you  pleafe  upon  the  clean 
paper;  and  where  the  tracer  has  touched,  there  will  be  the 
imprelfion  upon  the  lowermofi;  fheet  of  paper,  as  if  it  had 
been  written  or  drawn  with  a pen. 

It  may  be  made  of  any  colour  by  mixing  the  foap  with 
different  colours- 


The  Method  of  Enlarging  and  Cont railing, 

DIVIDE  your  original  with  a pair  of  compaffes  into 
any  number  of  fquares,  and  rule  them  acrofs  with  a black 
lead  pencil  from  fide  to  fide  and  from  top  to  bottom.  Then, 
having  your  paper  of  the  fize  you  intend,  divide  it  into  the 
fame  number  of  fquares,  either  larger  or  lefs,  as  you  would 
enlarge  or  contrail  it.  and  place  your  original  before  you. 
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and  draw  fqnare  by  fquare  the  fcvcral  parts;  obferving  to 
make  the  part  you  aredrawing  fall  into  the  fame  part  of  the 
fqiiares  as  it  does  in  your  original.  To  prevent  miflakes, 
number  the  fquares  both  of  the  original  and  copy,  as  in 
fig,  r and  2,  plate  I.  Then  outline  it  with  Indian  ink, 
rub  out  the  marks  of  the  pencil  with  bread,  and  (hade  it  at 
pleafure. 

Though  this  is  an  antlent  method,  yet  it  is  now  much 
pradlifed,  and  is  of  great  help  to  painters  in  general. 


The  Method  of  Etching  Copper  Plates. 

ETCHING  is  a manner  of  engraving  on  copper, 
wherein  the  lines  or  ftrokes,  inftead  of  being  cut  with  a 
tool  or  graver,  are  eaten  in  with  aqua-fortis. 

Etching  has  fcveral  advantages  over  graving,  ill,  as  be- 
ing done  with  more  eafe  and  expedition  ; 2d.  as  requiring 
fewer  inflruments ; and  3d,  as  reprefenting  curious  kinds 
of  fubjefts  better  and  more  agreeable  to  nature,  as  land- 
fcapes,  ruins,  grounds,  and  fmall,  faint,  loofe,  remote  ob- 
jed  &c. 


Of  the  proper  Infruments  and  Materials  ufed  in  Etching. 

the  principal  inflruments  for  etching,  are  needles, 
oil-ftone,  brufh-pencils,  burnifher,  feraper,  compafles 

ruler,  tracer,  and  the  frame : the  materials  are  the  hard  and 
foft  varnilh,  prepared  oil,  and  aqua-fortis. 


The 
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The  needles  are  to  be  chofen  of  feveral  fizes,  of  a fine 
^rain,  and  fiich  as  will  break  without  bending.  Thefe  arc 
to  be  fixed  in  round  flicks,  of  firm  wood,  about  fix  inches 
in  length,  and  of  the  thicknefs  of  a large  goofe-quill : they 
are  to  lland  out  of  the  Hicks  about  a quarter  of  an  inch,  or 
foinething  better.  Of  thefe  you  fhould  have  twenty  at 
leafl,  which  may  be  fixed  in  fuch  flicks  as  to  have  a pencil 
at  the  other  end. 

The  life  of  the  oil-flonc  is  for  whetting  the  needles^ 
which,  if  you  would  have  the  points  round,  mufl  be  whet- 
ted fhort  upon  the  flone,  by  turning  them  round ; and  if 
you  would  have  them  floping,  they  are  firft  to  be  blunted 
upon  the  oil-flone,  and  then  whetted  floping  on  one  fide 
only,  till  they  come  to  a fhort  and  roundifh  oval. 

The  bmfh-pencil  is  to  cleanfe  the  work,  wipe  off  dull, 
and  to  flrike  the  colours  even  over  the  ground  or  varnifh, 
when  laid  upon  the  plate; 

The  burnifher  is  a piece  of  Heel  well  hardened,  fomewhat 
roundifh  at  the  end,  for  fmobthing  and  giving  a luftfe  to 
the  platCi 

Theferaper  Is  one  of  the  Inflruments  fitted  for  clear- 
ing the  plate  of  all  deeper  fcratches  or  flrokes  which  the 
burnifher  will  not  take  away. 

The  chief  ufe  of  the  compaffes  is  in  meafbring  dlft^nces, 
or  flriking  circles,  or  fome  part  or  portion  of  them,  where 
you  would  have  your  work  to  be  exadl. 


F 
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The  ruler  is  ufed  chiefly  in  drawing  all  the  ftraight  hatches 
or’ lines  of  the  deflgn  upon  the  plate  ; or  to  mark  out  dif- 
tances  upon  ftraight  lines. 

The  tracer  is  ufed  for  drawing  through  all  the  outmoft 
lines  or  circumferences  of  the  print,  pattern,  or  drawing, 
•which  is  etching  after. 

There  are  two  methods  of  etching,  viz.  one  with  hard 
varniflr  or  ground,  the  other  with  foft.  The  hard  was  for- 
merly much  ufed,  being  better  accommodated  to  the  inten- 
tion of  imitating  the  engraving  with  the  tool ; as  the  firm- 
nefs  of  the  body  of  the  varnifli  gave  more  opportunity  of  re- 
ouching  the  lines,  or  enlarging  them  with  the  oval-pointed 
needles  ; but  the  foft  varnifli,  has  now  almoft  wholly  fuper- 
feded  the  ufe  of  the  hard  by  the  free  manner  of  working  it 
admits  of. 


To  iftaie  Soft  P'arnijh  for  Etchings 

TAKE  virgin’s  wax  and  afphaltum,  each  two  ounces; 
of  black  pitch  and  Burgundy  pitch  in  a new  earthen-wam 
glazed  pot ; and  add  to  them  by  degrees,  the  afphaltum 
finely  powdered.  Let  the  whole  boil,  till  fuch  time  as  that, 
taking  a drop  upon  a plate,  it  will  break  when  it  is  cold,  on 
bending  it  double  two  or  three  times  betwixt  the  fingers. 
The  varnifli  being  then  boiled  enough,  it  muft  be  taken  off 
the  fire,  and  letting  it  cool  a little,  muft  be  poured  into 
warm  water,  that  it  may  work  the  more  eafily  with  the 
hand,  fo  as  to  be  formed  into  balls ; which  muft  be  rolled 
up,  and  put  into  a piece  of  tafFcty  for  ufe. 


It 
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It  mud  be  obfervecl,  firft,  that  the  fire  be  not  too  vio- 
lent for  fear  of  burning  the  ingretlients ; a flight  fimmering 
will  be  fufficient : fecondly,  that-  while  the  afphaltum  is 
putting  in,  and  even  after  it  is  mixed  with  them,  the  ingre- 
dients iLould  be  dirred  continually  with  the  fpatula : and 
thirdly,  that  the  water,  into  which  this  compofition  is 
thrown,  Ihould  be  nearly  of  the  fame  degree  of  warmth 
with  it,  to  prevent  a kind  of  cracking  that  happens  when 
the  water  is  too  cold. 

The  varnifh  ought  always  to  be  harder  in  dimmer  than  in 
winter ; and  it, will  become  fo  if  it  be  differed;  to  boil  longer* 
or  if  a greater  proportion  of  afphaltum  or  brown  rofin  be  ufed. 
The  experiment  above-mentioned,  of  the  drop  differed  to 
cool,  will  determine  the  degree  ot  hardnefs  or  foftnefs  that 
pray  be  diitable  to  the  leafon  when  it  is  ufed* 


Tke  Method  of  applying  the  Soft  Varntjh  to  the  Plate. 

THE  plates  are  to  be  procured  ready  for  the  work,  at  the 
braziers,  but  there  are  people-  whofe  bufinefs  it  is  to  make 
them  of  all  fizes  in  London.  Having  a plate  according  to 
the  fize  you  intend,  clear  it  from  all' greafinefs  by  chalk  or 
Spanifli  white,  fix  a hand  vice  on  the  edge  of  the  plate,  where 
no  work  is  intended  to  be,  to  ferve  as^a  handle  for  managing 
it  when  warm:  then  put  it  upon  a chaffingrdifli  in  which 
there  is  a moderate  fire,  obfCrving  to  hold  it'fo  that  it  may 
not  burn : keep  the  plate  Over  the  fire  till  it  be  fo  hot,  that 
the  varnifh,  being  brought  into  contadi  with  it,  may  melt  : 
then  cover  the  whole  plate  over  with  a thin  coat  of  the  var- 
nifh, and  while  the  plate  is  warm,  and  the  varnifli  upon 
it  in  a fluid  date,  dab  (or  beat)  every  part  of  the  varnifh 

F 2 gently 
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gently  with  a fmall  ball  (or  dabber)  made  of  cotton  tied  up 
in  taftety  ; which  operation  fmooths  and  diftributes  the  var- 
nifh  equally  over  the  plate. 

When  the  palate  is  thus  uniformly  and  thinly  covered  with 
the  varnifli  it  mud  be  blackened  by  a piece  of  flambeau,  or 
lar<ye  candle,  which  affords  a copious  fmoke;  fometimestwo 
or  even  four,  fuch  candles  are  ufed  together  for  the  fake 
of  difpatch,  that  the  varnifh  may  not  grow  cold;  which  if 
it  does  during  the  operation,  the  plate  mud  then  be  heated 
again,  that  it  may  be  in  a melted  date  when  that  operation 
is  performed  : but  great  care  mud  be  taken  not  to  burn  it, 
which,  when  it  happens,  may  be  eafily  perceived  by  the 
varnifh  appearing  burnt  and  lofing  its  glofs. 

It  is  proper  to  be  very  cautious  in  keeping  the  flambeau 
or  candle  at  a due  didance  from  the  plate,  led  the  wick  touch 
the  varnifh,  which  would  both  fully  and  mark  it.  If  it  ap- 
pear that  the  fmoke  has  not  penetrated  the  varnifh,  the  plate 
mud  be  again  placed  for  fome  little  time  over  the  chafRng- 
dlfh  ; and  it  will  be  found,  that  in  proportion  as  the  plate 
grows  hot,  the  varnifh  will  melt  and  incorporate  with  the 
black  which  lay  above  it,  in  fuch  a manner,  that  the  whole 
will-be  equally  pervaded  by  it. 

• 

Above  all  things,  the  greated  caution  fhould  be  ufed  in 
this  operation,  to  keep  all  the  time  a moderate  fire  ; and  to 
move  frequently  the  plate,  and  change  the  place  of  all  the 
parts  of  it,  that  the  varnifh  may  be  melted  alike  ev'ery  where, 
and  kept  from  burning.  Care  mud  alfo  be  taken,  that  dur- 
ing this  time,  and  even  till  the  varnifh  be  entirely  cold,  no 

filth,  fparks,  or  dud  fly  on  it ; for  they  would  dick  fad,  and 
jTpoil  the  work. 


MISCELLANEOUS  ARTICLES. 


37 


To  mah  the  Hard  Farnijh  for  Etching. 

TAKE  feur  ounces  of  fi\t  oil,  very  clear,  and  made 
of  good  linfeed  oil,  like  that  ufed  by  painters:  heat  it  in  a 
clean  pot  of  glazed  earthen  ware,  and  afterwards  put  p it 
four  ounces  of  inaftich  well  powdered,  and  fllr  the  mixture 
bri'kly,  till  the  whole  be  melted,  then  pafs  the  whole 
rnafs  through  a piece  of  fine  linen,  into  a glafs  bottle  that 
can  be  flopped  very  fecurely  j and  it  is  fit  for  ufe.  The  me- 
thod of  applying  this  varnifli,  is  precifely  the  fame  as  for  the 
foft ; being  fpread  equally  over  the  warm  plate  with  the  taf- 
fety  ball,  and  fmoked  in  the  fape  manner  ; only  after  it  is 
fmoked,  it  mufl  be  baked,  or  dried  over  a gentle  fire  of  char- 
coal, ti’l  the  * fmoke  from  the  varnifli  begins  to  decreafe, 
faking  care  not  to  overheat  the  plate,  which  would  both 
foften  it  and  burn  the  varhilh. 

• r ' 

f ' ' ; ■ » » 

To  make  the  Soft  IFax  for  the  Borders  of  the  Plate,  fo  keep  on 

the  Aquafortist 

TAKE"  four  ounces  of  bees  wax,  temper  it  with  a little 
Venice  turpentine  and  tallotv  to  a proper  confidence,  which 
will  be^eafily  found  by  trial. 


General  DireSllons  for  Etching. 

THE  method  of  etching  is  as  follows:  the  plate  being 
covered  over  with  a peculiar  ground  or  varnhh,  as  already 
dire(Sted,  and  that  fide  blackened  with  the  fmoke  of  a candle,, 
the  back  of  the  defign  or  draught  is  laid  over  the  varnifh, 

being 
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being  firft  rubbed  with  red  chalk  : then  the  defign  being  laid 
on,  is  to  be  transferred  upon  the  varnilhed  fide  of  the  plate. 
This  is  done  by  tracing  over  all  the  lines  and  ftrokes  of  the 
dj-aught  with  a needle  or  point,  not  very  (harp,  which  pref- 
fing  the  paper  clofe  down  to  the  ground,  caufes  the  wax  to 
lay  hold  of  the  red  chalk,  and  thus  brings  off  with  it  the 
marks  of  the  fever^lines,  fo  that  at  length  it  (hews  a copy 
of  the  whole  defign  in  all  its  corre£lncfs. 

In  the  mean  time,  it  is  necelTary  to  obferve,  that  fuch 
parts  of  the  plate,  as  you  do  not  work  upon  is  to  be  cover- 
ed with  a (heet  of  fine  white  paper,  and  a fhect  of  brown 
over  that ; upon  this  you  may  reft  your  hand,  to  keep  it 
from  the  varnilh.  If  you  make  ufe  of  a ruler,  lay  fome  part 
of  it  upon  the  paper,  that  it  may  not  rub  off  the  varnilh  ; 
and  take  fpecial  care  that  no  duft  or  filth  get  in  between  thq 
paper  and  the  varnilh,  becaufc  that  would  hurt.  it. 

The  draught  or  defign  being  thus  chalked,  the  etcher 
next  proceeds  to  draw  the  feveral  lines  with  a pointed  tool 
through  the  ground  upon  the  copper.  In  doing  this,  he 
makes  ufe  of  points  of  various  fizes,'  and  preffes  them  on 
more  ftrongly  or  lightly  according  as  the  feveral  parts. of 
the  figures  &cq.  require  more  or  lefs  ftrength  or  boldnefs. 

This  being  done,  a rim  or  border  of  wax  is  raifed  round 
the  circumference  of  the  plate,  to  keep  in  the  aqua-fortis, 
and  prevent  it  from  running  off  at  the  edges  and  then  it  is 
poured  on  the  plate  fo  prepared,  The  ground  or  varnifh 
wnh  which  the  plate  is  covered,  defends  it  every  where  from 
the  corrofive  quality  of  the  aqua-fortis,  except  inthofe  lines^ 
or  hatches  cut  through  the  ground  with  the  points,  which 
lying  open,  the  water  pa.fTcs  through  them  into  the  copper 

and 
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and  eats  into  it  the  depth  required,  which  being  done  it  is 
poured  off  again. 

« 

It  is  to  be  obferved,  that  the  aqua-fortis  muft  not  con- 
tinue equally  long,  or  be  poured  on  equally  over  all  the 
parts  of  the  defign ; and  you  mull  let  it  down  to  a proper 
ftrength  with  w'ater,  which  no  rule  but  pra£lice  can  teach, 
without  the  flrcngth  of  the  aqua-fortis  could  be  obtain- 
ed, and  likewife  the  goodnefs  of  the  ground;  the  remote 
parts  muft  firft  be  eaten  more  flightly  than  thofe  nearer  to 
the  view.  For  afFedting  this,  a compofition  of  oil  and 
greafe  with  which  they  cover  all  the  parts  that  are  to  be  eaten 
no  farther,  is  made  ufe  of ; or  elfe  this  compofition  is  at 
firft  laid  on  as  a defence,  and  taken  oft  again  when  they 
find  it  proper.  In  a word,  they  are  every  now  and  then 
covering  or  uncovering  one  or  another  part  of  the  defign 
as  occafion  requires. 

The  management  of  the  aqua-fortis  is  the  principal  mat- 
ter in  the  whole  art  of  etching,  and  that  on  which  the  efteft 
©fthe  whole  chiefly  depends.  The  workman  muft  be  ob- 
fervant  as  to  the  ground,  that  it  does  not  fail  or  give  way  in 
any  part  to  the  aqua-fortis;  and  if  in  any  place  it  does,  to 
ftop  up  that  with  common  varnifh.  It  muft  be  alfo  ob- 
ferved that  a frefti  dip  of  aqua-fortis  muft  never  be  given 
without  firft  wafhing  out  the  plate  in  fair  water,  and  drying 
it  at  the  fire. 

When  the  aqua-fortis  has  performedits  part,  the  ground 
muft  be  taken  off  and  the  plate  wafhed  and  dried ; after 
which,  the  artift  muft  examine  it,  and  with  his  graver 
touch  it  up,  and  heighten  it  where  the  aqua-fortis,  &c.  has 
mifled. 


Particular 
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Particular  DlreSllons  for  Etching. 

# 

IN  making  lines  or  hatches,  as  there  mufl  be  fome 
bigger  and  fome  lei's,  fome  llraight  and  fome  crooked,  you 
mult  ufe  feveral  forts  of  needles,  bigger  or  lefs,  as  the  work 
requires.  The  large  lines  arc  made  by  leaning  hard  on  the 
needle,  the  point  being  Ihort  and  thick  (but  a round  point 
will  not  cut  the  varnilh  clear),  or  by  making  divers  lines  or 
hatches  very  clofe  to  one  another,  and  then  palling  over 
them  again  with  a thicker  needle ; or  by  making  them  with 
a pretty  large  needle,  and  letting  the  aqua-fortis  be  longer 
thereon. 

If  your  lines  or  hatches  Ihould  be  of  an  equal  thicknefs 
from  end  to  end,  lean  on  the  needle  with  an  equal  force; 
leaning  lightly  where  you  would  have  the  lines  or  Itrokes 
fine  orfmall;  and  heavier  where  you  would  have  them  ap- 
pear deep  or  large.  If  the  lines  are  too  fmall,  pafs  over 
them  again,  with  a Ihort,  but  round  point,  offuch  a bignefs 
as  you  would  have  the  line,  leaning  ftrongly  where  you 
would  have  it  deep. 

i . 

The  manner  of  holding  the  needle  wdth  oval  points* 
wliich  is  molt  proper  for  making  large  and  deep  ftrokes, 
much  refembles  that  of  a pen  ; only  the  flat  fide  whetted  is 
ufually  held  next  the  thumb,  yet  it  may  be  ufed  with  ths 

face  of  the  oval  turned  towards  the  fide  of  the  little 
finger. 

If) oil  would  end  with  a fine  ftroke,  you  fliould  draw  it 
witli  a fine  needle ; and  in  ufing  the  oval  points,  hold  them 
as  upright  and  ftraight  in  your  hand  as  you  can,  finking 
' ■ your 
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your  ftrokes  firmly  and  freely,  for  that  will  add  much  to 
their  beauty  and  clearnefs. 

In  etching  landfcapes,  you  muft  ufe  flender  points  for 
faint  ftrokes  to  thofe  places  at  the  greateft  diftance  from  vieW) 
as  alfo  thofe  neareif  the  light ; and  muft  be  careful,  while 
at  work,  to  btufli  off  all  the  dull  worked  off  with  the 
needles. 

0 

It  is  neceffary  to  obferve,  that  you  ought  to  be  fo  far 
mafler  of  the  art  of  drawing  as  to  be  able  to  copy  any  print 
or  painting  exactly,  and  to  draw  after  good  heads  of  plafter 
or  figures,  according  to  your  own  fancy,  and  to  lhadow 
every  thing  exactly  according  to  art  j and  therefore,  when 
you  imitate  plafter,  be  fure  to  take  the  true  out-lines 
or  circumferences;  and  taking  notice  how  the  fhadow  falls, 
to  do  it  very  faint,  as  foft  as  the  defign  requires.  There- 
fore it  is  convenient  that  you  be  able  to  hatch  with  the  pen 
cxadtly,  after  good  copies ; and  when  you  can  do  that,  to 
draw  after  plafter,  and  then  to  draw  from  the  life. 

In  order  to  take  the  out-lines  of  any  drawing  or  print 
upon  the  ground  of  the  plate,  you  muft  ferape  a little 
white-lead  on  the  backfide : then  take  a feather  and  rub 
it  over  every  where  alike,  and  fhake  off  that  which  remains 
loofe. 

Having  done  this,  lay  the  print  on  the  plate,  over  that 
fide  where  the  lead  is,  and  faften  the  four  corners  of  it  to 
the  plate  with  a little  foft  wax:  then  take  the  tracer  and 
draw  upon  the  print  all  the  outmofi;  lines  or  circumferences 
exadlly.  When  you  have  done  this,  take  off  the  print  from 
the  plate,  and  all  the  fame  out-lines  and  circumferences, 

G which 
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which' you  drew  upon  the  print  with  the  tracer,  will  eXadly 
be  found  upon  the  ground. 

Then  you  mufl  obferve  exaftly  how  your  original  or  pat- 
tern is  Hiadowed,  how  clofe  the  hatches  are  joined,  how  they 
are  laid,  and  which  way  the  light  falls  or  comes  in ; this 
mull  be  made  to  fall  oneway,  and  if  the  light  falls  Tideways 
in  the  print,  you  muft  hatch  that  Tide  darkeft  which  is 
is  farthell  from  the  light;  and  fo  place  the  lights  altogether 
on  one  fide,  and  not  confufedly,  part  on  one  fide,  and  part 
on  the  other. 

Take  heed  how  clofe  all  the  hatches  join,  how  they  In- 
cline, and  which  way  they  twift  and  wind  : this  follow  as 
cxa£lly  as  you  can,  but  before  you  begin  to  hatch  or  fhadow, 
you  muft  not  fail  to  draw  all  the  out-lines  with  a needle 
Upon  the  ground  as  artificially  as  you  can,  and  fhadow  it 
with  your  different  needles  according  to  the  original. 

' In  landfcapes,  that  part  next  the  eye,  as  was  already  ob- 
ferved  is  to  be  hatched  darkeft,  and  the  reft  is  to  decline  in 
its  fliadows  by  degrees  the  farther  it  is  off  from  view.  The 
fame  method  is  to  be  obferved  in  etching  a fky,  for  that 
which  is  neareft  to  the  eye  muft  be  fhadowed  darkeft,  but 
in  general  as  foft  and  faint  as  pofiible,  lofmg  itfclf  gradually, 
as  direiled  before ; and,  by  how  much  nearer  the  fky 
comes  to  the  ground,  by  fo  much  the  more  loofe  and  faint 
muft  it  be  made  to  appear,  and  where  they  both  meet  as  it 
were  together,  the  fky  muft  be  quite  loft. 

In  etching  letters,  ferew  the  copper-plate  in  a han^-vice, 
then  hold  it  over  a charcoal  fire  till  it  be  warm  ; rub  a piece 
ofvirgin  wax  all  over  the  plate,  fpreading  it  very  even  with  a 
• ' - N feather, 
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feather,  and  then  letting  it  cool.  The  letters  being  written 
on  papcrwith  a black  lead  pencil,  lay  the  written  Tide  down- 
wards upon  the  waxed  plate,  and  tailcn  the  iovu  corners 
with  a little  fol't  wax,  placing  the  writing  fo  exaft,  that 
the  lines  may  run  Rraight.  Then  rub  the  backfide  of  the 
paper  all  over  with  a burniflicr,  taking  care  not  to  mifsany 
part  thereof,  and  taking  the  paper  off  the  plate,  )ou  will 
find  all  the  letters  written  on  the  paper  left  exad  on  the 
wax.  Then  draw  all  the  letters  through  the  wax  on  the 
plate  with  a tr.icer,  and  afterwards  clean  the  work  from  the 
loofe  wax  with  a linen  rag  or  pencil  brufli;  and  laftly, 
pouring  on  the  aqua-fortis,  the  letters  will  be  etched : all 
the  former  operations  being  pertormed,  wafh  the  plate  with 
fair  water,  and  fet  it  wet  upon  the  fire  till  the  mixture  be 
w'ell  melted  ; then  wipe  it  very  clean  on  both  fides  with  a 
linen-cloth  till  it  is  thoroughly  clear  of  all  the  mixture.  In 
the  next  place,  take  good  charcoal,  and  pulling  off  the  rind, 
put  fair  water  on  the  plate,  and  rub  it  with  the  charcoal, 
as  if  yon  were  to  polifh  it,  and  by  this  operation  you  will 
get  off  the  varnifh ; only  you  muff  remember  that  the  char- 
coal is  to  be  free  of  all  forts  of  knots  and  roughnefs,  and 
that  no  fand  or  filth  fall  on  the  plate.  After  this,  adding 
two  thirds  of  fair  water  to  one  third  of  common  aqua-fortis, 
dip  a linen  rag  in  it,  which  by  rubbing  the  plate  all  over, 
will  reflore  it  to  its  former  beauty.  How^ever,  it  is  necef- 
fary  that  the  plate  be  wiped  after  this,  with  dry  liuen-rags, 
to  take  off  the  faid  watcT^  this  is  done  by  holding  it  a little 
before  the  fire,  putting  on  a little  olive-oil,  and  with  thelur 
of  an  old  beaver  hat  rolled  up,  rubbing  the  plate  all  ovev 
before  it  is  wiped  with  the  dry  cioth. 
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Laftly,  if  pUces  require  to  be  touched  with  the 
graver,  as  it  frequently  happens,  efpccially  where  it  is  to  be 
very  deep  or  black,  carefully  .corredl  them ; and  then  thr 
plate  is  fit  to  be  carried  to  the  rolling-prefs. 


Of  Engraving. 

THE  tools  necefiary  for  engraving  are,  the  oil-rubber,, 
burnifher,  feraper,  oil-ftone,  needles,  and  ruler,  already 
mentioned  to  be  ufed  in  etching  ; alfo  gravers,  compafles, 
a fand  bag,  and  fome  good  charcoal. 

Gravers  are  of  two  forts,  fquare  and  lozenge ; three  of 
each  fort  filiould  be  provided.  The  firft  is  ufed  in  cutting 
the  broader  ftiokes,  the  other  for  the  fainter  and  more  deli- 
cate. No  graver  fhould  exceed  the  length  of  five  inches  and 
a half,  the  handle  included,  excepting  for  ilraight  lines.  ^ 

Thefand-bag  or  cuihion,  is  ufed  to  lay  the  plate  on,'  f6r 
the  conveniency  of  turning  it  about.  The  oil-llone  muft 
be  of  the  Turkey  fort,  and  may  be  pfocured  at  the  iron^ 
mongers. 


Of  whetting  and  tempering  the  Graver. 

A S great  pains  is  required  to  whet  the  graver  nit^ely, 
particularly  the  belly  of  it,  care  muft  be  taken  to  lay  the 
two  angles  of  the  grayer,  which  are  to  be  held  next  the 
plate,  flat  upon  the  ftone,  and  rub  them  fteadily,  till  the 
belly  rifes  gradually  above  the  plate,  fo  as  that,  when  you 
lay  the  graver  flat  upon  it,  you  may  juft  perceive  the  light 
under  the  point  j otherwife  i:  will  dig  into  the  copper,  and 
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tlicn  it  will  be  impofiible  to  keep  a point,  or  execute  the 
work  with  freedom.  In  order  to  this,  keep  your  right  arm 
elofe  to  your  fide,  and  place  the  fore-linger  of  your  left 
hand  upon  that  part  of  the  graver  which  lies  uppermoft  on 
the  (lone.  When  this  is  done,  in  order  to  whet  the  face, 
place  the  fiat  part  of  the  handle  in  the  hollow  of  your  hand, 
with  the  belly  of  the  graver  upwards,  upon  a moderate 
flopc,  and  rub  the  extremity  or  face  upon  the  (lone,  till  it 
has  an  exceeding  (harp  point,  which  you  may  try  upon  your 
thumb  nail.  The  oll-llone,  while  in  u('e,  mud  never  be 
kept  without  oil. 

When  the  graver  is  too  hard,  as  Is  ufually  the  cafe  w'hen 
firft  bought,  and  may  be  known  by  the  frequent  breaking 
of  the  point,  the  method  of  tempering  it  is  as  follows: 

Heat  a poker  red  hot,  and  hold  the  graver  upon  it  within 
half  an  inch  of  the  point,  till  the  (leel  changes  to  a light 
draw  colour;  then  put  the  point  into  oil  to  cool:  or,  hold 
the  graver  elofe  to  the  flame  of  a candle,  till  it  be  of  the 
fame  colour,  and  cool  it  in  the  tallow  : but  be  careful  either 
wav  not  to  hold  it  too  long,  for  then  it  w’ill  be  too  foft ; and 
in  this  cal'e  the  point,  which  will  then  turn  blue,  mud  be 
tempered  again.  Be  not  too  hady  in  tempering ; for  fome- 
times  a little  whetting  will  bring  it  to  a good  condition  when 
it  is  but  a little  too  hard. 


Of  holding  the  Q raver. 

CUT  off  that  part  of  the  handle  which  is  upon  the  fame 
line  with  the  belly,  or  diarp  edge  of  the  graver,  making  that 
iidc  fiat;  that  it  miiy  be  no  obdrudion. 


Hold 
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Hold  the  handle  in  the  hollow  of  your  hand;  and  extend- 
incT  your  fore-finger  towards  the  point,  let  it  reft  upon  the 
back  of  the  graver,  that  you  may  guide  it  flat,  and  parallel 
with  the  plate. 

Take  care  that  your  fingers  do  not  interpofe  between  the 
plate  and  the  graver  ; for  they  will  prevent  you  from  carry** 
ing  the  graver  level  with  the  plate,  and  from  cutting  your 
ftrokes  fo  clean  as  they  ought  to  be. 


Of  laying  the  Deftgn  upon  the  Plate, 

AFTER  you  have  poliflied  the  plate  fine  and  fmooth, 
heat  it  fo  as  it  will  melt  virgin-wax,  with  which  rub  it 
thinly  and  equally  over,  and  let  it  cool.  Then  the  defign 
which  you  lay  on,  muft  be  drawn  on  paper,  with  a black 
lead  pencil,  and  laid  upon  the  plate  with  its  penciled  fide 
upon  the  wax,  then  prefs  it  to,  and  with  a burnifher  go  over 
every  part  of  the  defign,  and  when  you  take  off  the  paper, 
you  will  find  every  line  which  you  drew  with  the  black  lead 
pencil  upon  the  waxed  plate,  as  if  it  had  been  drawn  ; then 
with  a fharp  pointed  tool,  trace  all  your  defign  through  the 
wax  upon  the  plate,  and  you  may  then  take  the  wax  ofli 
and  proceed  to  work. 


X)ire£lions  for  Engraving. 

LET  the  table  or  board  you  work  at  be  firm  and  fteady ; 
upon  which  place  your  fand  bag  with  the  plate  upon  it ; and 
holding  the  graver  as  above  direift:ed,  proceed  in  the  follow- 
ing manner : 


\ 
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For  flraigiit  ftrokes,  hold  your  plate  firm  upon  the  fund- 
bag  with  your  left  hand,  moving  your  right  hand  forwards; 
leaning  lighter  where  the  ftroke  Ihould  be  fine,  and  harder 
where  you  would  have  it  broader. 

For  circular  or  crooked  ftrokes,  hold  the  graver  flcdfafl, 
moving  your  hand  or  the  plate,  as  you  fee  convenient. 

Learn  to  carry  your  hand  with  fuch  a flight,  that  you 
may  end  ymur  flroke  as  finely  as  you  began  it ; and  if  you 
have  occafion  to  make  one  part  deeper  or  blacker  than 
another,  do  it  by  degrees:  and  that  you  may  do  it  with 
greater  exadlncfs,  take  care  that  your  ftrokes  be  not  too 
clofe,  nor  too  wide. 

In  the  courfe  of  your  work,  ferape  off  the  roughnefs 
which  arlfes,  with  the  belly  of  your  graver  ; but  be  careful, 
in  doing  this,  not  to  fcratch  the  plate  : and  that  you  may' 
fee  your  work  properly  as  you  go  on,  rub  it  with  the  oil-rub- 
ber, and  wipe  the  plate  clean,  which  will  take  off  the  glare 
of  the  copper,  and  fhewwhat  you  have  done  to  the  befl  ad- 
vantage. 

Any  miftakes  or  fcratches  in  the  plate  may  be  rubbed  out 
with  the  burnilher,  and  the  part  levelled  with  the  icraper, 
polifhing  it  again  afterwards  lightly  with  the  burniflier,  or 

charcoal. 

Having  thus  attained  the  ufe  of  the  graver,  according  to 
the  foregoing  rules,  y'ou  will  be  able  to  finifli  the  piec..  you 
liad  etched,  by  graving  up  the  feveral  parts  to  the  colour  ol 

the  original;  beginning,  as  iii  the  etching,  with  the  fainter 

parts, 
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parts,  and  advancing  gradually  with  the  ftrongcr,  till  the 
whole  is  complcated. 


The  dry  needle  (fo  called  becatife  not  (ifed  till  the  ground 
5s  taken  off  the  plate}  is  principally  employed  in  the  ex- 
treme light  parts  of  water,  Iky,  drapery,  architedurc,  &:c. 

For  your  firfl  pradice,  copy  fuch  prints  as  are  openly 
fhaded;  the  more  finifhed  ones  being  too  difficult,  till  you 
have  gained  farther  experience^ 

To  prevent  any  obflrtidion  from  too  great  a degree  of 
fight,  the  ufe  of  a fafh,  made  of  tranfparent,  or  fan-paper, 
parted  on  a frame,  and  placed  floping  at  a convenient  drf- 
tance  between  your  work  and  the  light,  will  not  only  pre- 
ferve  the  fight,  but,  when  the  fun  fhines,  it  cannot  poffibly 
be  difpenfed  with. 


Of  Mezzotlnfo-S craping. 

THIS  art,  which  is  of  late  date,  is  recommended  tO 
the  pradice  of  the  ingenious  reader,  for  the  amazing  cafe 
with  which  it  is  executed,  efpccially  by  thofe  who  have  any 
notion  of  drawings 

Mezzotinto  prints  are  thofe  which  have  no  hatching  of 
firokes  of  the  graver,  but  whofe  lights  and  fitades  are  blended 
together,  and  appear  like  a drawing  of  Indian  ink. 

The  tools  iifed  in  this  art  are,  the  copper-plate,  oll- 
fione,  grounding-tools,  ferapers,  burnifhers,  and  needles. 


Dire^lons 
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DireSiiom  for  laying  the  Mezzotinto  Ground. 

MARK  off  upon  the  bottom  of  the  plate,  the  diftance 
you  intend  to  leave  for  the  writing,  coat  of  arms.  See.  theri 
laying  your  plate  with  a piece  of  fwanlkin-flannel  under  itj 
upon  your  table,  hold  the  grounding  tool  in  your  hand  per- 
pendicularly, lean  upon  it  moderately  hard,  continually 
rocking  your  hand  in  a right  line  from  end  to  end,  till  you 
have  wholly  covered  the  plate  in  one  diredion : next  crofs 
the  ftrokes  from  fide  to  fide,  afterwards  from  corner  to 
corner,  working  the  tool  each  time  all  over  the  plate,  iii 
every  diredion,  almoft  like  the  points  of  acompafs;  taking 
all  pofiible  care  not  to  let  the  tool  clit  (in  one  diredion) 
twice  in  a place.  This  done,  the  plate  will  be  full,  or,  in 
other  words,  all  over  rough  alike,  and  w'ould,  if  it  were 
printed,  appear  completely  black. 

Having  laid  the  ground,  take  the  fcrapirlgs  of  black  chalky 
and  with  a piece  of  rag  rub  it  over  the  plate ; or  you  may 
with  two  or  three  candles  fmoak  it,  as  before  direded  for 
etching. 

Now,  take  your  print  or  drawing,  and  (having  rubbed 
the  back  with  red  chalk  duft,  mixed  w’ith  white  lakej  pro- 
ceed to  trace  it  on  the  plate. 


DlreSilom  for  jer aping  the  Pidlure. 

TAKE  a blunt  needle,  and  mark  the  outlines  only, 
then  with  a feraper  ferape  off  the  lights  in  every  part  of  the 
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plate,  as  clean  and  fmooth  as  pofTible,  in  proportion  to  the 
ftrength  of  the  lights  in  yourpi6Iure,  taking  care  not  to  hurt 
your  outlines  : and  that  you  may  the  better  fee  what  you  do, 
with  the  tliumb  and  fore-finger  of  the  left  hand  hold  a 
piece  of  tranfparent  paper,  floping,  juft  over  your  right 
hand,  and  you  will  foon  be  a judge  of  the  different  tints 
of  the  work  you  are  doing;  fcraping  off  more  or  lefs  of 
the  ground,  as  the  different  ftrengths  of  light  and  tints 
require. 

The  ufe  of  the  burnifher  is,  to  foften  or  nib  down  the 
extreme  light  parts  after  the  feraper  is  done  with,  fuch  as 
the  tip  of  thenofe,  forehead,  linen,  &c.  which  might  other- 
wife,  when  proved,  appear  rather  mifty  than  clear. 

Another  method  ufed  by  mezzotinto  ferapers,  is,  to  etch 
the  outlines  of  the  original,  as  allb  the  folds  in  drapery, 
marking  the  breadth  of  the  fhadows  by  dots  which  having 
bit  to  a proper  depth  with  aqua-fortis;  then  take  off  the 
ground  ufed  in  etching,  and  having  laid  the  mezzotinto 
ground,  proceed  to  ferape  the  piblure  as  above. 

Four  or  five  days  before  you  think  the  plate  will  be  ready 
for. proving,  wet  fome  French  paper,  as  no  other  will  do 
fo  well  for  this  work,  and  that  time  is  neceffary  for  it  to  lie 
Wet.  Then  when  the  prdof  is  dry,  touch  it  \vith  white 
chalk  where  it  fhould  be  lighter,  and  with  black  chalk 
where  it  fhould  be  darker;  and  when  the  print  is  retouched, 
proceed  as  before  for  the  lights,  and  for  the  fhades,  ufe  a 
fmall  grountJihg-fool,  as  rhuch  as  yoU  judge  neceffary  to 
bring  it  to  proper  colour:  and  when  you  have  done  as  much 
&s  you  think  expedient,  prove  it  again,  and  fo  proceed  to 
prove  and  touch,  till  it  is  entirely  to  your  mind. 


Avoid 
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Avoid  as  much  as  pofliblc  over-fcraping  any  part  before 
the  firft  proving,  as  by  this  caution  the  work  will  appear 
more  elegant. 


The  Method  of  Etching  Copper  Plates  with  Aqua-Tinta, 

TAKE  a copper  plate  prepared  as  before  dire£led  for 
etching,  and  engraving  ; lay  the  etching  ground  upon  it,, 
and  etch  tlie  outlines  of  your  defign ; take  the  ground  off 
and  clean  the  plate  pcrfeClly  well ; then  fprinkle  gum  fan- 
darach  in  fine  powder  very  thin  and  even  over  the  plate,  and 
warm  the  plate  fo  as  juft  to  faften  the  gum  fandarach;  but 
great  caution  muft  be  here  obferved  not  to  melt  the  gum,  if 
you  do  the  fpirits  of  nitre  will  have  no  efFe£l,  and  it  will  re- 
quire to  be  done  over  again.  After  it  is  cold  dip  a fmall 
brulh  pencil  in  fpirits  of  nitre  and  go  over  every  part  you  in- 
tend to  fhadow  for  the  firft  time ; repeat  the  fame  operation 
until  you  have  brought  it  to  your  fatisfa6l;ion.  If  your 
fpirits  be  too  ftrong  you  may  mix  it  with  a little  water. 

Mr.  P.  Sandby  has  finifhed  feme  excellent  prints  by  this 
method,  which  are  held  in  great  efteem  among  the  ad- 
mirers of  exhibitions  of  this  kind. 

This  art  has  been  kept  as  fccret  as  poftible  by  thofe  who 
have  pradlifed  it ; and  I believe  this  is  the  firft  hint  of  the 
procefs,  that  the  public  has  been  favoured  with. 


Crayon 
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Crayon  Painting. 

the  elegant  arts,  of  which  painting  is  one  of  the 
inoft  confiderable,  have  ever  been  held  in  the  higheft  efti- 
mation  by  the  great  and  illuftrious  of  all  ages,  not  folely  for, 
private  amufement,  but  for  their  beneficial  influence  in 
fociety,  in  promoting  benevolence  and  infpiring  delicacy  of' 
feeling. 

This  will  not  appear  paradoxical,  if  we  obferve,  that  they 
arc  evidently  contrived  to  afford  innocent  pleafures,  difre- 
garding  the  inferior  fenfes  ; in  this  light  they  may  be  con- 
fidered  as  a rational  fcience,  and  when  cultivated  to  an 
eminent  degree  of  refinement,  they  do  honour  to  man- 
kind. 

Every  attempt  to  encourage  and  improve  the  elegant 
arts  deferves  great  commendation,  fmee  there  is  too  muefi 
reafon  for  believing  that  the  interefts  of  humanity  are  not  fo 
ftrongly  guarded,  or  fo  firmlv  fecured,  as  eafily  to  relinquifh 
thofe  fuccours,  or  forego  thofe  affiftances  which  they  ad- 
minifter  to  them. 

Since  painting  is  an  art  In  which  truth  of  outlines  is  no  lefs 
neceffary  than  juftnefs  of  colouring,  I apprehend  a few 
hints  relative  to  the  former  will  not  (even  at  this  period)  be 
deemed  fuperfluous  or  unnecefTary ; for,  fhould  thefe  ele- 
ments fall  into  the  hands  of  the  accompIiOied  artifl,  to  whofe 
judgment  I fubmit  them  with  the  higheft  diffidence,  I flatter 
pyfelf  I fliall  meet  with  favour  and  indulgence,  fince  I in- 
tend  this  work  principally  for  the  ufe  of  thofe  who  are  juft 
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entering  into  the  world  of  imitation.  To  fuch,  I hope  to 
^ make  an  odering  worthy  their  acceptance,  fhould  inclina- 
tion lead  them  to  the  Rudy  of  painting  with  crayons,  by  ex- 
hibiting the  materials  ufed  in  this  art,  with  the  methods  of 
making  and  preparing  them  for  tlie  execution  ofdefign. 

I am  In  hopes  of  rendering  fome  fervicc  to  the  art  of  paint 
ing  with  crayons,  of  fuggelHng  fome  hints  which  may  polTibly 
give  rife  to  {inthcr  inquiries  refpe£ling  this  pleafing  Rudy, 
and  of  explaining  its  principles  for  the  benefit  of  fuch 
as  may  prefer  the  filent  amufement  of  a beautiful  art,  to  the 
dclufive  enchantments  in  the  gay  circles  of  pleafures. 

I fhall  now  endeavour  to  give  the  Rudent  fome  directions 
towards  the  attainment  of  excellence  In  this  art. 

The  Rudent  muRprovide  himfelf  withTome  Rrong  blue  paper, 
the  thicker  the  better,  if  the  grain  is  not  too  coarfe  and 
knotty,  though  it  is  almoR  impolfible  to  get  any  ^ttirely  free 
from  knots.  The  knots  fhould  be  levelled  with  a pen-knife 

' I 

or  razor,  otherwife  they  will  prove  exceedingly  trouble- 
fome.  After  this  is  done,  the  paper  muR  be  paRed  very 
fmooth  on  a linen  cloth,  previoufly  Rrained  on  a deal  frame, 
the  fize  according  to  the  artlR’s  pleafure : on  this  the  pic- 
ture is  to  be  executed  ; but  it  is  moR  eligible  not  to  paRe  the 
paper  on  till  the  whole  fubjeCl  is  firR  dead  coloured.  The 
method  of  doing  this  is  very  eafy,  by  laying  the  paper  with 
its  dead  colour  on  its  face,  upon  a fmooth  board  or  table, 
when,  by  means  of  a brufh,  the  backfide  of  the  paper  muft 
be  covered  with  paRe ; the  frame,  with  the  Rrained  cloth,. 
muR  then  be  laid  on  the  paRed  fide  of  the  paper,  after  which 
turn  the  painted  fide  uppermoR,  and  lay  a piece  of  clean*, 
paper  upon  it,  to  prevent  fmearing;  this  being  done,  it_ 

may 
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maybeftroked  gently  over  with  the  hand,  by  which  means 
all  the  air  between  the  cloth  and  the  paper  will  be  forced 
out. 

* 

When  the  pafle  is  perfeftly  dry,  the  (Indent  may  proceed 
with  the  painting.  The  advantages  arifing  from  parting 
the  paper  in  the  frame,  according  to  this  method  (after  the 
pi£lure  is  begun)  are  very  great,  as  the  crayons  will  adhere 
much  better  than  any  other  way,  which  will  enable  the 
ftudent  to  finirti  the  pi£lure  with  a firmer  body  of  colour, 
and  greater  lurtre. 

When  painters  want  to  make  a very  corredf  copy  of  a 
pifture,  they  generally  make  ufe  of  a tiffany,  or  black  gauze, 
ftrained  tight  on  a frame,  which  they  lay  flat  on  the  fubjedl 
to  be  imitated,  and  with  a piece  of  (ketching  chalk,  trace 
all  the  out-lines  on  the  tiffany.  They  then  lay  the  canvas 
to  be  painted  on  flat  upon  the  floor,  placing  the  tiffany 
with  the  chalked  lines  upon  it,  and  with  an  handkerchief 
brufh  the  whole  over:  this  prefents  the  e.xad  out-lines  of 
_ the  pidlure  on  the  canvas. 

The  crayon-painter  may  alfo  make  ufe  of  this  method, 
when  the  fubjeft  of  his  imitation  is  in  oils,  but  in  copying  a 
crayon  pidlure,  he  murt  have  recoujfe  to  the  following 
method  on  account  of  the  glafs.  ^ 

The  piaure  being  placed  upon  the  efel,  let  the  out-lines 
be  drawn  on  the  glafs  with  a fmall  camel’s-hair  pencil 
dipped  mlake,  ground  thin  with  oils,  which  muft  be  done 
vith  great  exaflnefs : after  this  is  accomplifhed,  take  a 
(fleet  of  paper  of  the  fame  (ize,  and  place  it  on  the  glafs’ 
ffa-okmg  over  all  the  lines  with  the  hand,  by  which  means' 

the 
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the  colours  will  adhere  to  the  paper,  which  muft  be  pierced 
with  pin-holes  pretty  clofe  to  each  other.  The  paper  in- 
tended to  be  ufed  for  the  painting  muft  next  be  laid  upon  a 
table,  and  the  pierced  paper  placed  upon  it ; tlien  with  fome 
fine  pounded  charcoal,  tied  up  in  a piece  ol  lawn,  rub  over 
the  perforated  ftrokes,  which  will  give  an  exa£l  out-linc. 
Great  care  muft  be  taken  not  brufh  this  olf  till  the  whole  is 
drawn  over  with  iketching  chalk,  which  is  a compofition 
made  of  whiting  and  tobacco-pipe  clay,  rolled  like  crayons, 
and  pointed  at  each  end. 

I When  the  ftudent  paints  immediately  from  the  life,  it  will 
be  moft  prudent  to  make  a corredf  drawing  of  the  out-lines 
on  another  paper,  the  fize  of  the  pi6lure  he  is  going  to 
paint,  which  he  may  trace  by  the  preceding  method,  be- 
caufe  erroneous  ftrokes  of  the  Iketching  chalk  (which  are 
not  to  be  avoided  without  great  expertnefs)  will  prevent  the 
crayons  from  adhering  to  the  paper,  owing  to  a certain 
greafy  quality  in  the  compofition. 

The  ftudent  will  find  the  fitting  pofture,  with  the  box 
of  crayons  in  his  lap,  the  moft  convenient  method  for  him 
to  paint.  The  part  of  the  pi£fure  he  is  immediately  paint, 
ing  fhould  be  rather  below  his  face,  for,  if  it  is  placed  to® 
high,  the  arm  will  be  fatigued.  Let  the  windows  of  the 
room  where  he  paints  be  darkened  at  leaft  to  the  height  of 
fix  feet  from  the  ground,  as  before  directed,  and  the  fubje^t 
to  be  painted  fliould  be  fituated  in  fuch  a manner,  that  the 
light  may  fall  with  every  advantage  on  the  face ; avoiding 
too  much  fhadow,  which  feldom  has  a good  efFedl  in  por- 
trait painting,  efpecially  if  the  face  he  paints  has  any  de- 
gree of  delicacy.  Before  he  begins  to  paint,  let  him  be  at- 
tentive to  his  fubje£l,  and  appropriate  the  aftion  or  attitude 

proper 
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proper  to  the  age  of  the  fiibjeft : if  a child,  let  it  be  cliilclidi  j 
if  a young  lady,  exprefs  more  vivacity  than  in  the  majcftic 
beauty  of  a middle-aged  woman,  who  alfo  fliould  not  be 
cxprelfed  with  the  fame  gravity  as  a perfon  far  advanced  in 
years.  Let  the  embellilhments  of  the  piclure,  and  intro- 
dudion  of  birds,  animals,  &c.  be  regulated  by  the  rules  of 
propriety  and  confiflency. 

The  features  of  the  face  being  carefully  drawn  with  chalk, 
let  the  Undent  take  a crayon  of  pure  carmine,  and  carefully 
draw  the  noftril  and  edge  of  the  nofe,  next  the  fliadow* 
then  with  the  fainted  carmine  tint  lay  in  the  ftrongeft  light 
upon  the  nofe  and  forehead,  which  mud  be  executed  broad. 
He  is  then  to  proceed  gradually  with  the  fecond  tint,  and 
the  ficceeding  ones,  till  he  arrives  at  the  fhadows,  which 
mud  be  covered  brilliant,  enriched  with  much  lake,  car- 
mine a little  broken,  with  brilliant-green.  This  method, 
will,  at  fird,  offenfively  drike  the  eye,  from  its  crude  ap- 
pearance, but,  in  finidiing,  it  will  be  a good  foundation  to 
produce  a plcafing  effeit,  colours  being  much  more  eafily 
fullied  when  too  bright,\than  when  the  fird  colouring  is 
dull,  to  raife  the  piflure  into  a brilliant  date.  The  feveral 
pearly  tints,  difcemable  in  fine  complexions,  mud  be  imi-i 
tated  with  blue  verditer  and  white,  which  anfwers  to  the 
ultramarine  tints  ufed  in  oils.  But  if  the  parts  of  the  face 
where  thefe  tints  appear  are  in  fhadow,  the  crayons 

compofed  of  black  and  white  mud  be  fubdituted  in  their 
place. 

Though  all  the  face  when  fird  Coloured  fhould  belaid  in 
as  brilliant  as  podible,  yet  each  part  fliould  be  kept  in  its 

proper 
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proper  tone,  by  which  means  the  rotundity  of  the  face  will 
be  prelerved. 

Let  the  (ludent  be  careful  when  he  begins  the  eyes  to 
draw  them  with  a crayon  inclined  to  the  carmine  tint,  of 
whatever  colour  the  iris  are  of ; he  muft  lay  them  in  bril- 
liant, at  firft,  not  loaded  with  colour,  but  executed  lightly  ; 
no  notice  is  to  be  taken  of  the  pupil  yet.  The  ftudent  muft 
jet  the  light  of  the  eye  incline  very  much  to  the  blue  caft, 
cautioully  avoiding  a ftaring,  white  appearance,  (which,  when 
once  introduced,  is  feldom  overcome)  preferving  a broad 
fliadow  thrown  on  its  upper  part,  by  theeye-lafh.  A black 
and  heavy  tint  is  alfo  to  be  avoided  in  the  eye-brows;  it  is 
therefore,  beft  to  execute  them  like  a broad  glowing  ftiadow 
at  firft,  on  which,  in  the  finifhing,  the  hairs  of  the  brows  are 
to  be  painted,  by  which  method  of  proceeding,  the  former 
tints  will  fhew  themfelves  through,  and  produce  the  moft 
pleafing  effecl:. 

The  ftudent  fttould  begin  the  lips  with  pure  carmine  and 
lake,  and  in  the  fhadow  ufe  fome  carmine  and  black  ; the 
ftrong  vermilion  tints  fhould  be  laid  on  afterwards.  He 
muft  beware  of  executing  them  with  ftifF,  harfli  lines,  gently 
intermixing  each  with  the  neighbouring  colours,  making 
the  ftiadow  beneath  broad,  and  enriched  with  brilliant 
crayons.  He  muft  form  the  corner  of  the  mouth  with  car- 
mine, brown  oker,  and  greens,  varioufly  intermixed.  If  the 
hair  is  dark,  he  ftiould  preferve  much  of  the  lake  and  deep 
carmine  tints  therein ; this  may  be  eafily  overpowered  by 
the  warmer  hair  tints,  which,  as  obferved  in  painting  the 
eyebrows,  will  produce  a richer  efFecft  when  the  pidure  is 
finilhed ; on  the  contrary,  if  this  method  is  unknown  or 
neglected,  a poverty  of  colouring  will  be  difcernable. 
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After  the  Undent  has  covered  over,  or  as  artifts  term  it,  has 
•dead-coloured  the  head,  he  is  to  fweetcn  the  whole  together 
by  rubbing  it  over  with  his  finger,  beginning  at  the  ftrongell 
light  upon  the  forehead,  palling  his  finger  very  lightly,  and 
uniting  it  with  the  next  tint,  which  he  mult  continue  till  the 
whole  is  fweetened  together,  often  wiping  his  finger  on  a 
towel  to  prevent  the  colours  being  fullied.  He  mull  be 
cautious  not  to  fmooth  or  fweeten  his  pi6lure  too  often,  be- 
caufe  it  will  give  rife  to  a thin  and  (canty  effedl,  and  have 
more  the  appearance  of  a drawing  than  a Iblid  painting,  as 
nothing  but  a body  of  rich  colours  can  confiitute  a rich 
effeft.  To  avoid  this  (as  the  ftudent  finds  it  nccelfary  to 
fweeten  with  the  finger)  he  mufl  continually  replenilli  the 
pi6Iure  with  more  crayon. 

When  the  head  is  brought  to  fome  degree  of  forwardnefs, 
let  the  back-ground  be  laid  in,  which  mufl  be  treated  in  a 
different  manner,  covering  it  as  thin  as  poifible,  and  rubbing 
it  into  the  paper  with  a leather-ftump.  Near  the  face  the 
paper  fliould  be  almoft  free  from  colour,  for  this  will  do 
great  fervice  to  the  head,  and  by  its  thinnefs,  give  both  a foft 
and  folid  appearance.  In  the  back-ground  alfo,  crayons 
which  have  whiting  in  their  compofition  Ihould  be  ufed,  but 
feldom  or  never  without  caution ; but  chiefly  fuch  as  are  the’ 
moll  brilliant  and  the  leafl  adulterated.  The  ground  being’ 
painted  thin  next  the  hair,,  will  give  the  ftudent  an  opportu- 
nity of  painting  the  edges  of  the  hair  over  in  a light  and  free 
manner  when  he  gives  the  finilhing  touches. 

The  ftudent  having  proceeded  thus  far,  the  face,  hair,  and 
back-ground  being  entirely  covered,  he  muft  carefully  view 
the  whole  at  fome  diftance,  remarking  in  what  refpedl  it  is' 
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out  of  keeping,  that  is,  what  parts  are  too  light,  and  what 
. too  dark,  being  particularly  attentive  to  the  white  or  chalky 
' appearances,  which  muft  be  fubdued  with  lake  and  carmine. 
The  above  method  being  properly  put  into  execution  will 
produce  the  appearance  of  a painting  principally  compofed 
of  three  colours,  viz.  carmine,  black,  and  white,  which  is  the 
bed  preparation  a painter  can  make  for  the  producing  a fine 
crayon  piclurc. 

The  next  ftep,  is  to  compleat  the  back-ground  and  the 
hair  ^ as  the  dull,  in  painting  thclc,  w'lll  fall  ou  the  face,  and 
would  much  injure  it,  if  that  w'as  compleated  firlt.  From 
thence  proceed  to  the  forehead,  finifliing  downward  till  the 
V/hole  piTure  is  compleated. 

Back  grounds  may  be  of  various  colours  ^ but  it  requires 
great  tafle  and  judgment  to  fait  them  properly  to  different 
complexions : in  general  a drong  coloured  head  fliould  have 
a w^eak  and  tender  tinted  ground,  and  on  the  contrary  a 
delicate  complexion  diould  be  oppofed  with  drong  and 
powerful  tints,  by  which  proper  contrad  betw^een  the 
• figure  and  the  back-ground,  the  piaure  will  receive  great 
force,  and  drike  the  fpcTator  much  more  than  it  could 
podibly  do  w^as  this  circumdance  of  contrad  not  attended 

to. 

Young  painters  often  treat  the  back-ground  of  piaures 
as  a matter  of  very  little  or  no  confequence,  when  it  is 
mod  certain  great  part  of  the  beauty  and  brilliancy  oLdie 
piTure,  efpecially  the  face,  depends  upon  the  tints  being 
well  fuited,  the  darks  kept  in  their  proper  places,  and  the 
whole  being  perfeilly  in  fubordination  to  the  face.  1 hus 
A fimplc  back-groimd  requires  attention,  but  the  difficulty 
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is  ftill  greater  when  a variety  of  obje£ls  arc  introduced,  fuch 
as  hills,  trees,  buildings,  &c.  in  thefc  cafes  one  rule  muft 
be  ftridlly  attended  to,  that  each  grand  objedl  be  difpofed  fq 
as  to  epntraft  each  other ; this  is  not  meant  merely  re- 
fpeiting  their  forms,  but  their  colour,  their  light,  fliade, 
&c.^  For  inftance,  we  will  fuppofc  the  figure  receiving 
the  ftrongeft  light;  behind  the  figure,  and  very  near  at 
Land,  are  the  ftems  of  fome  large  trees,  thefe  mull  have 
fliade  thrown  over  them,  either  from  a driving  clou^,  or 
fome  other  interpofing  circumftance  ; behind  thefe  ftems  of 
trees,  and  at  a diftance  are  feen  trees  on  a rifing  ground, 
thefe  fliould  receive  the  light  as  a contraft  to  the  former, 
See.  If  an  architedlural  back-ground  be  chofen,  the  fame 
rule  muft  be  applied;  fuppofe  a building  at  a moderate 
diftance  is  placed  behind  the  figure  receiving  the  light,  a 
column,  or  fome  other  objedl  in  lliadow  fliould  intervene, 
to  preferve  proper  decorum  in  the  piece,  or  what  will  have 
the  fame  elFeft,  a fliadow  muft  be  thrown  over  the  lower 
part  of  the  building,  w'hich  will  give  equal  fatisfaftion  or 
repofe  to  the  eye.  It  muft  be  remembered,  the  light  muft 
be  always  placed  againft  the  dark,  and  the  weak  againft 
flie  ftrong,  in  order  to  produce  force  and  effedl,  and  vice 
verja. 

In  painting  over  the  forehead  the  laft  time,  begin  the 
higheft  light  with  the  moft  faint  vermilion  tint,  in  the 
fame  place  where  the  faint  carmine  was  firft  laid,  keeping  it 
broad  in  the  fame  manner.  In  the  next  fliade  fucceeding 
the  lighteft,  the  ftudent  muft  work  in  fome  light  blue  tints, 
compofed  of  verditer  and  white,  intermixing  with  them 
fome  of  the  deeper  vermilion  tints,  fweetening  them  to- 
gether vvith  great  caption  (this  dircdlion  is  for  the  fineft 
ppniplcxiops,  but  the  ftudent  muft  vary  his  colouring  ac- 
cording 
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cording  to  his  fubjei!;)  infenfibly  melting  them  into  another 
increafing  the  proportion  of  each  colour  as  his  judgment 
(hall  dircdl.  Some  brilliant  yellows  may  alfo  be  iifcd,  but 
fparingly  ; and  towards  the  roots  of  the  hair,  flrong  verditer 
tints,  intermixed  with  greens,  will  be  of  fingular  fervice. 
Cooling  crayons,  compofed  of  black  and  white,  Ihould 
fucceed  thefe,  and  melt  into  the  hair.  Beneath  the  eyes, 
the  pleafing,  pearly  tints  are  to  be  preferred,  compofed  of 
verditer  and  white,  and  under  the  nofc,  and  on  the  temples, 
the  fame  may  be  ufed  ; beneath  the  lips,  tints  of  this  kind 
alfo  are  proper,  mixing  them  with  the  light  greens  and 
fome  vermilion. 

The  introdu£llon  of  greens  and  blues  into  the  face,  in 
painting,  has  often  given  furprlfe  to  thofe  who  are  unac- 
quainted w'ith  the  art,  but  there  is  reafan  fufficient  tor  their 
introdudion  (though  it  may  appear  (trange  at  firft)  in  order 
JO  break  and  corretd  the  other  colours. 

The  carmine  predominating  in  the  dead  colour,  is,  as  has 
been  obfcrved,the  beft  preparation  for  i he  fucceeding  tints;  the 
crudenefs  of  this  preparation  muft  be  correded  by  varioufly 
intermixing  greens,  blues,  and  yellows,  which  of  thefe  arc  to 
be  ufed  is  to  be  determined  by  the  degree  of  carmine  in  the 
dead  colour,  and  the  complexion  intended.  The  blue  and 
yellow  are  of  a nature  diametrically  oppofite,  and  ferve  to 
corred  the  reds,  and  oppofe  one  another;  the  greens  being 
compounded  ©f  both  thefe  colours,  are  of  peculiar  ufe  in 
many  cafes  where  the  tranfition  is  not  to  be  fo  violent. 

The  (Indent  attentively  conddering  nature,  will  difeovera 
pleafing  variety  of  colours  on  the  furfacc,  and  difcernable 
jhfcugh  a clear  and  tranfparcnt  fltin;  this  variety  will  be 

dill 
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mil  increafedby  the  efFed  of  light  and  Hiade;  he  will  per- 
ceive one  part  inclining  to  the  v'ermillion  red,  another  to 
the  carmine  or  lake,  one  to  the  bine,  this  to  the  green, 
and  that  to  the  yellow,  &c.  In  order  to  produce  thefc  dif- 
ferent effeds  he  will  apply  thofe  colours  to  which  the  tints 
are  moft  inclined  ; yet  in  crayon  painting  it  is  often  befl  to 
compound  the  mixed  colours  upon  the  pidure,  fuch  as  blue 
and  yellow  inftead  of  green ; blue  and  carmine  inllead  of 
purple*;  red  and  yellow  inllead  of  orange  ; in  other  circum- 
flances  the  compounds  already  mixed  fhould  be  ufed:  but 
in  this  cafe  there  can  be  no  abfolute  rule  given,  it  mull  be 
left  to  the  experience  and  diferetion  of  the  painter,  though 
the  Undent  may  be  greatly  allilled  in  the  commencement  of 
his  lludies,  by  an  able  mailer  to  dired  and  point  out  thebell 
method  to  treat  circumftances  of  this  nature,  as  they  occur  j 
in  pradice,  which  may  at  firfl  appear  obfeure  and  myHerious^  j 
but  will  foon,  to  a good  capacity,  become  demonllrably  ^ 
clear  upon  certain  and  fure  principles:  the  circumftances  | 
that  require  dilFercnt  treatment  are  fo  various  and  fo  many,  i 
as  to  render  it  impollible  for  me  here  to  defeend  to  every 
particular. 

In  finilhing  the  checks,  let  the  pure  lake  clear  them 
from  any  dull  contraded  from  the  other  crayons ; then  i 
^vith  the  lake  may  be  intermixed  the  bright  Vermillion;  ; 
and  laft  of  all,  (if  the  fubjed  Ihould  require  it)  a fevy  ] 

touches  of  the  orange  coloured  crayon,  but  with  extrenve  ] 

caution;  after  this,  fweeten  that  part  with  the  finger  as  j 
little  as  poluble,  for  fear  of  producing  a heavy,  difagreeable 
tffed  on  the. checks  : as  the  beauty  of  a ciayon  pidure  con- 
fids  in  one  colour  fhewing  itlelf  through,  or  rather  be-  1 
sween  another;  this  the  ftudent  cannot  too  often  remark. 
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it  being  the  only  method  of  imitating  beautiiul  com- 
plexions. 

The  eye  is  the  mod  difficult  feature  to  execute  in  crayons, 
as  every  part  mud  be  expreifed  with  the  utmod  nicety,  to 
appear  tinllhcd;  at  the  fame  time  the  painter  mud  preferve 
its  breadth  and  folidity  while  he  is  particularizing  the  parts. 
To  accomplidi  this,  it  will  be  a good  general  rule  for  the 
dudent  to  ufe  his  crayon  in  fweetening  as  much,  and  his 
huger  as  little  as  poffible.  When  he  wants  a point  to  touch 
a fmall  part  with,  he  may  break  off  a little  of  his  crayon 
againd  the  box,  which  will  produce  a corner  fit  to  work 
with  in  the  minuted  parts.  If  the  eye-lafhes  are  dark  he 
mud  ufe  fome  of  the  carmine  and  brown  oker,  and  the 
crayon  of  carmine  and  black  ; and  wdth  thefe  he  may  alfo 
touch  the  iris  of  the  eye,  (if  brown  or  hazel)  making  a broad 
lliadow,  caufed  by  the  eye-lalh.  Red  tints  of  vermilion,  car- 
mine, and  lake,  will  execute  the  corners  of  the  eye  properly, 
but  if  the  eye-lids  are  too  red,  they  will  have  a difagreeablc 
fore  appearance.  The  pupil  of  the  eye  mud  be  made  of 
pure  lamp-black  ; between  this  and  the  lower  part  of  the 
iris,  the  light  w'ill  catch  very  drong,  but  it  mud  not  be  made 
too  hidden,  but  be  gently  diffuled  round  the  pupil  till  it  is 
lod  in  fhade.  When  the  eye-balls  are  fufficiently  prepared, 
the  ffiining  fpeck  mud  be  made  with  a pure  white  crayon, 
which  fliould  be  fird  broken  to  a point,  and  then  laid  on 
firm  ; but  as  it  is  poffible  they  may  be  defedfive  in  neatnefs, 
they  fliould  be  correded  with  a pin,  taking  off  the  redundant 
parts,  by  which  means  they  may  be  formed  as  neat  as  can  be 
required. 

The  difficulty,  with  refped  to  the  nofe,  is  to  preferve  the 
lines  properly  determined,  and  at  the  fame  time  fo  artfully 

blended 
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blended  into  the  cheek,  as  to  exprefs  its  proje£lion,  and  vet 
no  real  line  to  be  perceptible  upon  a clofe  examination  ; in 
fame  circumltances  it  fliould  be  quite  blended  with  the 
cheek,  which  appears  behind  it,  and  determined  entirely 
with  a flight  touch  of  red  chalk.  The  lhadow  caufed  by  the 
nofe  is  generally  the  darkefl:  in  the  whole  face,  partaking  of 
no  reflexion  from  its  furrounding  parts.  Carmine  and  brown 
oker,  carmine  and  black,  and  fuch  brilliant  crayons,  will 
compofe  it  bell. 

The  fludent  having  before  prepared  the  lips  with  the 
ftrongeft  lake  and  carmine.  See.  muft,  wdth  thefe  colours, 
make  them  compleatly  corred,  and,  when  finifliing,  intro- 
duce the  ftrong  vermilions,  but  with  great  caution,  as  they 
are  extremely  predominant : this,  if  properly  touched,  will 
give  the  lips  an  appearance  equal.  If  not  fuperior,  to  thofe 
executed  in  oils,  notwithftanding  the  Teeming  fuperiority  the 
latter  has,  by  means  of  glazing,  of  which  the  former  is  en- 
tirely deflitute. 

u 

When  the  fludent  paints  the  neck,  he  fhould  avoid  ex- 
prelling  the  mufcles  too  flrong  in  the  flem,  nor  fhould  the 
bones  appear  too  evident  on  the  chefl,  as  both  have  an  un- 
pleabng  effed,  denoting  a violent  agitation  of  the  body,  a cir- 
cumflance  feldom  necelfary  to  exprefs  in  portrait  painting. 
The  moft  neceffary  pan  to  be  exprelfed,  and  which  fliould 
ever  be  obferved  (even  in  the  mofl  delicate  fubjedls),  is  a 
ftrong  marking  juft  above  the  the  place  where  the  collar 
^nes  unite,  and  if  the  head  'is  much  thrown  over  the 
fhoulders,  fome  notice  fhould  be  taken  of  the  large  mufcle 
that  rifes  from  behind  the  ear,  and  is  inferted  into  the  pit 
between  the  collar-bones.  All  inferior  mufcles  fliould  be,  in- 

general, 
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general,  quite  avoided.  The  ftudent  will  find  this  caution 
necelhary,  as  moft  fubjedls,  efpecially  thin  perfons,  have  the 
mufcles  of  the  neck  much  more  evident  than  would  be  ju- 
dicious to  imitate.  As  few  necks  are  too  long,  it  may  be  ne- 
celTary  to  give  fom.e  addition  to  the  ftem,  a fault  on  the  other 
fide  being  quite  unpardonable,  nothing  being  more  un- 
graceful than  a lliort  neck.  In  colouring  the  neck,  let  him 
preferve  the  llem  of  a pearly  hue,  and  the  light  not  lb  flrong 
as  on  the  chert.  If  any  part  of  the  breaft  appears,  its  tranf- 
parency  murt  alfo  be  expreifed  by  pearly  tints,  but  the  up- 
per part  of  the  dieft  flrould  be  coloured  with  beautiful  ver- 
milions delicately  blended  with  the  other. 


Of  Drapery. 

PAINTING  the  drapery  is  commonly  thought  to  be  a 
very  inferior  branch  of  the  art;  this  is,  mort  certainly,  a 
miftake.  A very  great  painter  being  afked  what  part  of 
the  pi6lure  he  thought  mort  difficult  to  execute,  anfwered, 
the  drapery.  Whether  we  allow  this  to  be  abfolutely  true 
or  not,  we  may  venture  to  affirm,  that  it  is  a very  difficult 
part  to  execute  with  tarte  ; merely  to  give  the  effecl  of  filk, 
fatin,  or  cloth,  &c.  is  not  the  point;  this,  the  fervile  copyift, 
by  the  mere  dint  of  labour,  may  efFedl,  and  may  even  de- 
ceive the  vulgar  eye,  fo  that  the  imitation  may  be  taken  for 
reality ; but  to  make  the  folds  give  grace  and  dignity  to  the 
figure,  to  cloath  it  uninfluenced  by  prejudice,  fafhion, 
or  caprice,  fo  as  to  bear  the  tert  of  ages,  requires  the 
fullefl;  exertion  of  true  genius,  and  the  ftudy  of  a man  s 
life  ; therefore,  a full  defeription  here  would  be  too  prolix, 
fo  I fhall  leave  the  ftudent  to  perfect  it  with  great  diligence 
and  care. 


K 
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Of  the  Materials. 

THE  perfe£lion  of  the  crayons  confifls,  in  a great  mca- 
fure,  in  their  foftnefs,  for  it  is  impoflible  to  execute  a bril- 
liant picture  with  them  if  they  arc  otherwife,  on  which  ac- 
count great  care  fliould  be  obferved  in  the  preparing  them,  to 
prevent  their  being  hard.  In  all  compofitions,  flake-white, 
and  white-lead  fhould  be  wholly  rejedled,  becaufe  the 
flighted  touch  with  either  of  thefe  will  unavoidably  turn 
black. 

The  ufual  objeilion  to  crayon  paintings  is,  that  they 
arc  fubje6t  to  change  ; but  whenever  this  happens,  it  is  in- 
tirely  owing  to  an  injudicious  ufe  of  the  above-mentioned, 
whites,  which  will  ftandonly  in  oils.  To  obviate  the  bad 
cffedls  arifing  from  the  ufe  of  fuch  crayons,  let  the  ftudent^  ^ 
make  ufe  of  common  whiting  prepared  in  the  following  j 
manner : 1 

I 

I'ake  a large  veffel  of  water,  put  the  whiting  into  it, 
and  mix  them  well  together ; let  this  Hand  about  half  a | 
minute,  then  pour  off  the  top  into  another  veffel,  and  \ 
throw  the  gritty  fediment  away  ; let  what  is  prepared  reft  \ 
about  a minute,  and  then  pour  it  off  as  before,  which  will  '■ 
purify  the  w'hiting  and  render  it  free  from  all  dirt  and  grit-  i 
tinefs.  When  this  is  done,  let  the  whiting  fettle,  and  j 
then  pour  the  water  from  it  j after  which,  lay  it  on  the 
chalk  to  dry,  and  keep  it  for  ufe,  either  for  white  crayons, 
or  the  purpofe  of  preparing  tints  with  other  colours,  for 
with  this,  all  the  other  tints  may  be  fafely  prepared.  If 
the  ftudent  chufes  to  make  crayons  of  the  whiting  imme- 
diately after  it  is  wafhed,  it  is  not  neceffary  to  dry  it  on  the  i 

chalk,  , 
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chalk,  for  it  may  be  mixed  inftantly  with  any  other  colour, 
which  will  favc  confiderable  trouble.  All  colours  of  a heavy, 
or  gritty  nature,  efpecially  blue  verditer,  muft  be  purified  by 
wafhing  after  this  method. 

The  fludent  mufl  be  provided  with  a large,  flexible  paL 
let-knile,  a large  ftone  and  muller  to  levigate  the  colours, 
two  or  three  large  pieces  of  chalk  to  abforb  the  moifture 
from  the  colours  after  they  arc  levigated,  a piece  of  flat 
glafs  to  prevent  the  moiilurc  from  being  abforbed  too  much, 
till  the  colours  are  rolled  into  form,  and  the  vcffels  for 
Water,  fpirits,  &c.  as  neceflity  and  convenience  (hall 
diredt. 


REDS. 

Car??ufie  and  Lah, 


IT  is  rather  diflicult  to  procure  either  good  carmine  or 
good  lake.  Good  carmine  is  inclined  to  the  vermilion  tint, 
and  fliould  be  an  impalpable  powder,  and  good  lake  to  the 
carmine  tint.  The  carmine  crayons  are  prepared  in  the 
following  manner : 

As  their  texture  is  inclinable  to  hardnefs,  inflead  of  grinds 
ing  and  rolling  them,  take  a fufficient  quantity  of  carmine, 
lay  it  upon  a grinding-flone,  mix  it  with  a levigating  knife 
with  fpirits  of  wine,  till  it  becomes  fmooth  and  even  ; yet  the 
lefs  fri£tion  produced  by  the  knifethebetter.  The  chalk-flone 
being  ready,  lay  the  colour  upon  it  to  abforb  the  fpirit,  but 
be  careful  that  it  is  laid  on  in  a proper  fliape  for  painting.  II 
it  is  levigated  tooth  in,  the  crayons  will  be  too  flat,  and  if 
too  thickj  it  will  ocpfion  a wade  of  colour,  by  their  ad- 

K hering 


68  miscellaneous  ARTICLES. 

hering  to  the  pallet-knife  ; but  pra£lice  will  render  the  pro- 
per degree  of  confiltency  familiar. 

When  thus  made,  if  the  carmine  crayons  fhould  prove 
too  hard,  they  muft  be  reduced  to  an  impalpable  powder  in 
a mortar,  and  again  mixed  in  the  fame  manner  till  foft 
enough  for  ufc,  which  will  not  be  if  the  carmine  be  ground 

by  the  muller  with  any  fluid.  j 

1 

The  Ample  colour  being  prepared,  the  neJit  flop  is  to 
compofethe  different  tints  by  a mixture  with  whiting;  the 
proportion  to  be  obferved  confifting  of  twenty  gradations  to 
one,  which  may  be  clearly  underftood  by  the  following  di- 
re£lions:  take  fome  of  the  Ample  colour,  and  levigate  it 
with  fpirits  of  wine,  adding  about  one  part  of  w^afhed 
whiting  to  three  parts  of  carmine,  of  which,  when  properly 
incorporated,  make  two  parcels.  TJie  next  gradation  ' 
fhould  be  compofed  of  egual  quantities  of  carmine  and  ' 
whiting,  of  which  four  crayons  may  be  made.  The  third  j 

compoAtion  fhould  have  one  fourth  carmine,  and  three  j 

fourths  whiting,  of  this  make  fix  crayons,  which  will  be  a \ 

good  proportion  with  the  refl.  The  lafl:  tint  fhould  be  made  | 

of  whiting,  very  faintly  tinged  with  carmine,  of  which  I 

make  about  eight  crayons,  which  will  compleat  the  above-  1 

mentioned  proportion.  As  thefe  compound  tints  are  levi- 
gated, they  are  to  be  laid  immediately  upon  the  chalk  that 
the  moiflure  may  be  abforbed  to  the  proper  degree  of  dry- 
nefs  for  forming  into  crayons,  which  may  be  known  by  its 
lofing  the  greatefl  part  of  its  adhefive  quality  w'hen  taken 
into  the  hand : if  the  confiftency  is  found  to  be  right,  it  may 
be  then  laid  upon  the  glafs,  which  having  np  pores,  will 
prevent  the  moiffure  from  becoming  too  dry,  before  it  is 
convenient  to  form  it  into  crayons,  otherwife  tlie  crayons 

would 
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would  be  full  of  cracks  and  very  brittle,  which  will  be  a 
great  inconvenience  when  they  are  ufed  in  painting. 

N.  B.  Though  thefe  tints  made  with  whiting  may  be 
rolled,  yet  the  pure  carmine  will  not  bear  it,  but  mud  be 
left  on  the  chalk-done  till  perfc^dly  dry. 


Lake, 

IS  a colour  very  apt  to  be  hard,  to  prevent  which  the 
ftudent  mud  obferve  the  following  particulars  : 

Take  about  half  the  quantity  of  lake  intended  for  the 
crayons,  and  grind  it  very  fine  with  fpirits  of  wine ; let  it 
dry,  and  then  pulverize  it,  which  is  eafily  done  if  the  lake 
. is  good  ; then  take  the  other  half,  and  grind  it  with  fpirits, 
after  which  mix  it  with  the  pulverized  lake,  and  lay  it  out 
diredlly  in  crayons  on  the  chalk.  The  colour  will  not  bear 
rolling.  The  fimple  colour  being  thus  prepared,  proceed 
with  the  compound  crayons,  as  directed  before,  and  in  the 
fame  degrees  of  gradation  as  the  carmine  tints.  If  thefe 
fhould  prove  too  hard  when  made,  let  them  be  again  pulve- 
rized and  treated  as  the  carmine. 


Vermilion. 

THE  befi:  is  inclined  to  the  carmine  tint.  To  prepare 
this  colour  mix  it  on  the  done  with  foft  water  or  fpirits, 
after  which  it  may  be  rolled  into  crayons.  It  is  fometimes, 
indeed,  inclined  to  be  fo  very  foft  as  to  return  again  to  pow- 
der, and  cannot  be  held  in  the  fingers,  which  may  be  re- 
medied 
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medied  hy  mixing  It  up  with  thin  water-gruel  well  ftrained, 
which  will  give  fufficient  cohefion.  The  different  tints 
are  produced  by  a mixture  of  the  fimple  colour  with  whi- 
ting, according  to  the  proportions  already  given. 


BLUES. 

PruJJian  Blue, 

IS  a colour  very  apt  to 'bind,  and  is  rendered  foft  with 
more  difficulty  than  carmine  and  lake.  The  fame  method 
of  preparation  is  to  be  followed  with  this  as  diredled  with 
refpcdl  to  lake,  only  it  is  necelfary  to  grind  a larger  quan- 
tity of  the  pure  colour,  as  it  is  chiefly  ufed  for  painting 
draperies.  The  different  tints  may  be  made  according  to 
neceffity,  or  the  fancy  of  the  painter. 


Blue  Verditer, 

I S a colour  naturally  gritty,  and  therefore  it  is  neceffary 
to  wafli  it  well.  Its  particles  are  fo  coarfe  as  to  require 
fome  binding  matter  to  unite  them,  otherwife  the  crayons 
will  never  adhere  together.  To  accomplifh  this,  take  a 
quantity  fufficient  to  form  two  or  three  crayons,  to  which 
add  a piece  of  fifted  plafler  of  Paris  about  the  fize  of  a pea ; 
mix  thefe  well  together,  and  form  the  crayons  upon  the 
chalk.  This  blue  is  extremely  brilliant,  and  will  be  of 
great  ufe  in  heightening  draperies,  &c.  The  tints  muft  be 
formed  with  whiting,  as  direfled  in  the  former  inftances, 
and  are  highly  ferviceable  for  painting  fiefh,  to  produce 
thofe  pearly  tints  fo  beautiful  in  crayon  pictures,  It  is  not 

neceflary 
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necelTary  to  mix  the  compounds  with  fplrits,  as  dear  water 
will  be  lufficient. 


GREENS. 

BRILLIANT  greens  are  produced  with  great  difficulty, 
which  maybe  procured  of  thole  who  make  it  their  bufmefs 
to  prepare  them,  yet  the  following  compofitions  will  be 
found  ulcful. 

Thefe  brilliant  crayons  will  be  neceffary  for  the  Undent 
to  compleat  his  fet  with,  of  which  he  will  find  great  want 
both  in  the  browns  and  deep  reds,  as  well  as  in  the  greens; 
but  in  general  he  Ihould  be  careful  what  white  or  light 
crayons  he  ufes,  that  they  are  not  compounded  by  the  maker 
with  flake-white,  a trial  may  be  made  of  one  of  them  thus: 
bruife  the  crayon  to  a powder  between  the  finger  and 
thumb,  and  mix  it  with  an  equal  quantity  of  charcoal-duft, 
put  this  into  a crucible,  which  mull  be  placed  in  a fierce 
fire,  till  the  charcoal-dufl  is  confirmed,  and  if  the  crayon  be 
made  with  flake-white,  the  lead  will  return  to  its  original 
metallic  flate,  confeqiiently  thefe  light  crayons  are  not  fit 
for  ufe  in  this  climate,  as  the  leaft  damp  will  make  them 
turn  black,  yet  notwithflanding  the  dark  colours  will  be 
perfedly  good,  and  may  be  ufed  without  danger. 

Take  yellow  oker,  and  after  grinding  it  with  fplrits,  mix 
it  with  the  powder  of  Pruffian  blue,  then  temper  it  with  a 
knife,  and  lay  the  crayons  on  the  chalk,  without  rolling 
them:  befides  this,  ufe  king’s  yellow  mixed  with  Pruffian 
blue,  brown  oker  and  Pruffian  blue.  Roman  oker  and 

Pruffian  blue  mixed  in  different  proportions  will  be  ufeful. 

The 
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The  crayons  made  of  thefe  laft  may  be  rolled.  Various 
tints  may  be  produced  by  thefe  colours,  according  to  fancy 
or  necefTity;  fome  to  partake  more  of  the  blue,  and  others 
of  the  yellow. 


YELLOWS. 

King'  s-TelJozv, 

I S the  mofl;  ufeful  and  mofl  brilliant,  levigated  with 
fpirits  of  wine,  to  compofe  the  different  tints  as  before  di- 
re£l;ed.  Yellow  oker  and  Naples  yellow,  ground  wdth  i 
fpirits,  will  make  ufeful  crayons.  j 

• 

Orange, 

I S produced  by  King’s-yellow  and  vermilion,  ground 
together  with  fpirits,  and  the  tints  formed  as  in  other  cafes, 
but  no  great  quantity  of  them  is  required. 


BROWNS. 


Cullens-Earih, 


I S a fine  dark  brown.  After  fix  or  eight  of  the  fimplc 
crayons  are  prepared,  feveral  rich  compound  tints  may  be 
produced  from  it,  by  a mixture  with  carmine,  in  various 
degrees;  black,  carmine,  and  this  colour,  mixed  together, 
make  ufeful  tints  for  painting  hair;  feveral  gradations  may 
be  produoed  from  each  of  thefe  by  a mixture  with  whiting 
Roman,  and  brown  oker  are  excellent  colours,  either  fimple  ^ 
or  compounded  with  carmine.  Whiting  tinged,  in  feveral 

degrees/ 


i 
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de'^recs,  with  either  of  thele,  will  prove  very  ferviceable  m 
p.hnting;  common  Ica-coal,  ground  and  mixed  with  car- 
mii\e,  is  a fine  brown. 


Umber 

MAY  be  treated  in  the  fame  manner  as  above,  only  it 
is  nccsfUary  to  levigate  it  with  fpirits  of  wine. 

PURPLES. 

PRUSSIAN  blue  ground  with  fpirits,  and  mixed  with 
pulverized  lake,  will  produce  a good  purple.  Caimine 
thus  mixed  with  Priiflian  blue,  will  produce  a purple  fome- 
thins  different  from  the  former.  Various  tints  may  be 
made  from  either  of  thefe  compounds,  by  a mixture  with 
whiting. 


BLACK. 

Lamp-Black 

I S the  only  full  black  that  can  be  ufed  with  fafety,  as 
all  others  are  (ubjedl  to  mildew  ^ but  as  good  lamp-black  is 
very  fcarce,  the  ftudent  will,  perhaps,  find  it  moll  expe- 
dient to  make  it  himfelf,  the  procefs  of  which  is  as  fol- 
lows : 

Provide  a tin  cone,  fix  it  ov'er  a lamp  at  fuch  a height^ 
that  the  . dame  may  jufl  reach  the  cone  for  the  foot  to  gather 
, within 
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within  it.  When  a fufficient  quantity  is  colleded,  take  it 
it  out,  and  burrl  all  the  greafe  from  it  in  a crucible.  It 
muft  then  be  ground  with  fpirits,  and  laid  on  the  chalk  to 
abforb  the  moifture.  Various  grey  tints  may  be  formed 
from  this  by  a mi.xture  with  whiting,  as  mentioned  in 
former  inftances.  Black  chalk  ground,  is  a very  good  blue 
black. 

Carmine  and  black  is  another  good  compound,  of  w hich 
five  or  fix  gradations  lliould  be  made,  fome  partaking  more 
of  the  black,  and  others  having  the  carmine  moft  predo- 
minant, belidcs  fcvcral  tints  by  a mixture  with  whiting. 

Cinabarand  black  Is  alfo  a very  ufeful  compound,  from 
which  feveral  different  tints  fliould  be  made. 

Pruflian  blue  and  black  is  another  good  compound,  and 
will  be  found  of  fingular  fervice  in  painting  draperies. 

It  is  impoflible  to  lay  down  rules  for  the  forming  every 
tint  neccffary  in  compofing  a fet  of  crayons,  there  being 
many  accidental  compofitlons,  entirely  dependent  on  fancy 
and  opinion.  The  fludent  fhould  make  it  a rule  to  favc 
the  leavings  of  his  colours,  for  of  thefe  he  may  form  va- 
rious tints,  which  will  occafionally  be  ufeful. 

N,  B-  The  Cologn  or  Cullen's  earth,  yellow  oker, 
brown  oker,  Roman  oker,  Naples  yellow,  umber,  black 
chalk,  and  fea  coal  duff,  are  all  fubjedl  to  throw  out  a white 
kind  of  fait,  which  will  injure  the  picture,  if  the  follow- 
ing method  of  treating  them  be  not  ftricSlly  obferved : grind 
them  extremely  fine  with  water,  and  feparately  put  them 
into  a large  glazed  velfel,  filled  with  boiling  water.  After 

the 
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the  colour  has  been  well  ftirred,  leave  it  to  precipitate  ; 
then  pour  off'  the  water,  which  will  take  away  the  falts, 
and  leave  the  colour  excellently  prepared  for  making  crayons 
after  it  has  been  dried  on  the  chalk-ltonc  and  pulverized. 


Of  rolling  ihe  Crayons,  and  dfpoftng  them  for  Painting. 

T El  E different  compofitions  of  colours  muff  be  cut  into 
a proper  magnitude  after  they  are  prepared,  in  order  to  be 
rolled  into  paffils  for  the  convenience  of  ufingthcm.  Each 
crayon  fhould  be  formed  in  the  left  hand  with  the  ball  of  ti  e 
right,  firff  formed  cylindrically,  and  then  tapered  at  each  end. 
If  the  compofition  is  too  dry,  dip  the  finger  in  water;  if 
too  wet  the  compofition  muff  be  laid  upon  the  chalk  again, 
to  abforb  more  of  the  moiffure.  The  crayons  fhould  be 
rolled  as  quick  as  poflible ; and  when  finiffred,  muff  be 
laid  upon  the  chalk  again,  to  abforb  all  remaining  moiffure. 
After  the  gradation  of  tints  firom  one  colour  are  formed, 
the  chalk  and  the  grinding-ffone  ffiould  be  well  feraped  and 
cleanfed  w'iih  water  before  it  is  ufed  for  another  colour. 

When  the  fet  of  crayons  is  compleated  according  to  the 
rules  preferibed,  they  ffiould  be  arranged  in  claffes  for  the 
convenience  of  painting  with  them.  Some  thin  drawers, 
divided  into  a number  of  partitions,  is  the  moft  convenient 
method  of  difpofing  them  properly.  The  crayons  ffiould 
be  depofited  according  to  the  feveral  gradations  of  light. 
The  bottom  of  the  partitions  muff  be  covered  with  bran,  as 
a bed  for  the  colours,  becaufe  it  not  only  preferves  them 
clean,  but  prevents  their  breaking. 

L 3 
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The  box  made  ufe  of  when  the  fludent  paints,  fliould  be 
about  a foot  fquare,  with  nine  partitions.  In  the  upper 
corner,  on  the  left  hand,  (fuppofing  the  box  to  be  in  the 
lap  when  he  paints)  let  him  place  the  black  and  grey  crayons, 
thofe  being  the  moll  feldoni  ufed  ; in  the  fecond  partition, 
the  blues  ; in  the  third,  the  greens  and  browns ; in  the  firlt 
partition  on  the  left  hand  of  the  fecond  row,  the  carmines, 
lakes,  vermilions,  and  all  deep  reds;  the  yellows  and 
orange  in  the  middle,  and  the  pearly  tints -next;  and  as 
thefe  laft  are  of  ^ very  delicate  nature,  they  mufl  be  kept 
very  clean,  that  the  gradations  of  colour  may  be  ealily  dif- 
tinguifhed  : in  the  loweft  row,  let  the  firfl:  partition  con- 
tain a piece  of  fine  linen  rag  to  wipe  the  crayons  with  while 
they  are  ufing;  the  fecond,  all  the  pure  lake  and  vermilion 
tints ; and  the  other  partition  may  contain  thofe  tints, 
which,  from  their  complex  nature,  cannot  be  clalfed  wit)-; 
any  of  the  former. 


Receipts  for  thofe  who  paint  in  Water-Colours. 
Two  Methods  to  maie  Gim-fFotcr. 

1.  DISSOLVE  one  ounce  of  pure  white  gum-arabic, 
and  half  an  ounce  of  double-refined  fugar,  in  a quart  of 
fpring  water;  ftrain  it  through  a fine  fieve  or  a piece  of 
muflin,  and  bottle  it  off  for  ufe,  keeping  it  free  from  dull. 

2.  Take  fome  gum-arabic  of  the  whiteftfort,  bruife  it, 
and  tie  it  up  in  a piece  of  woollen-cloth,  and  fleep  it  in 

Ipring  water  in  a glafs  or  earthen  veffel,  till  it  be  dilfolved. 
Il  It  be  too  fiiff,  add  more  water;  and  if  too  thin,  more 
gum. 


With 
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With  this  water  you  may  temper  moll  of  yotir  colours  ; 
tiling  fuch  a quantity,  that  being  touciicd  wheu  dry,  tlic 
colour  will  not  come  otF,  if  the  colour  Ihiaes,  there  is 
too  much  gum  in  it. 


To  incihi  Liquid  Gold  jov  P clhmi  Puintivg,  vjft. 

GRIND  the  fined  leaf-gold  with  drong  gum-water  very 
fine,  adding  as  you  grind  it  more  •gum-water  as  you  fee  nc- 
celfary.  When  you  have  ground  it  as  fine  as  you  can,  wadi 
it  in  a large  died  ; then  temper  it  with  a little  merenry- 
fublimate,  bind  it  in  the  diell  with  a little  dilTolved  gum, 
dtake  andfpreadit  equally  all  over  the  diell,  and  ufe  it  with 
fair  water  only.  Thofe  who  do  not  chtife  to  make,  may 
buy  the  fliells  ready  prepared,  at  the  colour  lliops,  at  a very 
low  price. 


To  make  Liquid  Silver  for  the  fame  "Purpoje. 

THE  procefs  for  this  is  the  fame  with  that  of  liquid 
gold,  only  obferving  in  the  ufing  it  to  temper  it  w ith  glare 
of  eggs  indead  of  water. 


To  make  the  Glare  of 

TAKE  the  whites,  and  beat  themwfith  a fpoon  till  they 
rife  in  a loam  ; let  them  dand  all  night,  and  they  will  be 
clarified  into  good  glare. 
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Of  Colours  proper  for  wajhwg  Maps. 

COLOURS  for  wafliing  maps  may  be  made  by  boillnc^ 
different  kinds  of  wood,  and  ftaining  fubftances,  as  logwood*^ 
Brazil,  cochineal,  madder,  turnfal,  &c. 


To  hep  the  Colours  from  finking, 

BOIL  four  ounces  of  roach-allum  in  a pint  of  fprintr 
water,  till  it  is  thoroughly  dilToIved ; then  filter  it  through 
brown  paper,  and  keep  it  for  ufe. 

Before  you  lay  on  your  colours,  take  a fponge,  and  wet 
the  back  of  your  paper  with  this  water  while  it  is  hot. 
This  will  not  only  prevent  the  colours  from  finking,  but 
will  likewife  give  them  an  additional  beauty  and  lufire,  and 
preferve  them  from  fading.  If  your  paper  ‘is  not  good,  it 
muff  be  wafiicd  three  or  four  times  with  this  water,  drying 
it  every  time. 


To  make  Size  for  painting  Scenes,  and  other  Candle-Light 

O 

Pieces, 

$ 

STEEP  a quarter  of  a pound  of  the  cuttings  of  white 
glove-leather  in  water  for  lome  time  : then  take  them  out. 
and  boil  them  in  three  quarts  of  water,  till  it  wafies  to  d 
pint,  and  flrain  it  through  a cloth  into  an  earthen  pan. 
When  the  fize  is  cold,  if  it  feel  firm  under  your  hand,  it  is 
firong  enough.  l[ou  may  prepare  any  colours  in  this  fize 
w ile  it  is  warm,  and  it  will  take  of  the  glare  which  \vould 

. appear 
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appear  upon  them  by  caudle-light,  if  mixed  with  gum- 
water. 


Hoiv  to  make  a Csmpofilion  to  ivajh  Brafs  Jo  as  to  look 

like  Silver. 

TAKE  filver,  or  gold-lace,  half  an  ounce,  add  thereto 
one  ounce  of  double  refined  aquafortis,  put  them  in  an 
earthen  pot,  and  place  them  over  a gentle  fire  till  all  be 
diUblved,  which  will  happen  in  about  five  minutes ; then 
talfc  it  off,  and  mix  it  in  a pint  of  clear  water,  after  which, 
pour  it  into  another  clean  veflel  to  free  it  from  grit  or  fedi- 
ment ; and  then  add  a fpoonful  of  fait,  and  the  green  water 
will  immediately  let  go  the  filver  particles,  which  will  form 
themfelves  into  a white  curd ; then  pour  off  the  water,  and 
throw  it  away,  for  it  is  of  no  further  ufe.  The  w hite  curd 
muff  then  be  mixed  with  two  ounces  of  fait  of  taitar,  half 
an  ounce  of  whiting,  and  a large  fpoonful  of  fait,  more  or 
lefs,  according  as  you  find  it  for  ffrength.  Mix  it  w^ell  up 
together,  and  it  is  ready  for  ufe. 


I low  to  Silver  Brajs,  Lfc. 

HAVING  well  cleared  the  brafs  from  all  fcratches 
fotherwife  it  will  fpoil  its  appearance)  rub  it  over  with  a 
piece  of  old  hat  and  rotten-flone,  to  clear  it  from  all  greafi- 
fiefs,  then  rub  it  with  fait  and  water  with  your  hand  ; then 
take  a little  of  the  before-mentioned  compolition  on  your 
finger,  and  rub  it  over  where  the  fait  has  touched,  and  it 
will  adhere  to  the  brafs,  and  appear  as  w'ell  as  filver ; alter 
which,  wafh  and  Ifeep  it  in  plenty  of  clear  water,  to  kill 

the 
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the  aquafortis  which  remained  in  the  compofition  ; and, 
when  dried  with  a clean  hot  rag,  it  is  then  ready  to  be 

vamilhcd. 


'To  malic  ivhiic  VarniJ}]  for  Brafs. 

TAKE  fpirits  of  wine  (highly  re^lified)  one  pint,  which, 
divide  into  lour  parts;  then  mix  one  part  with  half  an 
ounce  of  gum  mallic,  in  a phial  by  itfelf,  otie  part  fpirits, 
and  hali  an  ounce  of  gum  fandarach  in  another  phial,  one  part 
fpirits,  and  half  an  ounce  of  the  whitcll  parts  of  gum  benja- 
min ; then  mix  and  temper  them  to  your  mind.  No  rule 
can  further  indrua  you,  unlefs  the  quality  of  the  gums  and 
Ijjirits  could  be  afeertained.  It  would  not  be  amifs  to  add 
a very  little  bit  of  white  rofin,  or  clear  Venice  turpentine, 
in  the  maftic  bottle,  it  will  alliftin  giving  a glofs;  if  your 
varniHi  (liould  prove  ftrong  and  thick,  add  clear  fpirits,  if 
too  hard,  pour  from  the  maftic  bottle,  if  too  foft,  a little 
from  the  fandarach,  or  benjamin.  When  you  have  brought 
it  to  a proper  temper  and  ready  for  ufe,  warm  the  filvercd 
(if  a clock  face,  not  too  hot  as  to  melt  the  wax)  before  the 
hre,  or  upon  a hot  heater,  and  with  a flat  camel’s-hair 
brufti,  or  clean  linen  rag  lapped  up,  and  dipped  in  the 
varnilh,  ftroke  it  quickly  over,  until  no  white  (hades 
appear,  and^  it  will  preferve  the  filver^  on  many  years. 


To  t?mke  Pidvis  Fulmlnans,  or  Thunder  Powder. 

MIX  three  parts  of  fait  petre,  two  parts  of  fait  of  Tar- 
tar, and  one  part  of  flowers  of  fulphur  well  together;  put 

the 
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the  compofition  into  a bottle  and  cork  it  well  to  prevent  the 
air  from  fpoiling  it,  and  it  is  ready  for  ufc. 

When  you  ufe  it,  take  as  much  as  will  lay  upon  a (hil- 
ling, and  putting  if  upon  a lire  Ihovel  over  a gentle  fire,  it 
will  prefcntly  begin  to  ferment,  and  will  make  a horrible 
explofion  like  that  of  a gun.  This  experiment  generally 
produces  much  diverlion,  efpccially  when  ignorant  perfons 
are  employed  to  hold  the  Ihovel.  I never  knew  an  infiance 
of  its  doing  any  harm,  when  no  more  than  the  above 
tjuantity  was  ufed  at  once. 


To  ckanfe  Mercury  by  Aquafortis. 

PUT  your  mercury  in  a flrong  glafs  bottle,  with  a little 
clean  fand,  and  fliake  it  well  for  lome  time,  after  which 
pour  it  into  a bafon,  and  add  thereto  as  many  half  ounces 
of  double  refined  acjuafortis,  as  you  have  pounds  of  me- 
rcury ; let  the  aquafortis  evaporate  away,  and  it  is  then 
fit  for  ufe. 


7b  refine  Mercury  if  mixed  ivith  other  AletaJs. 

MAKE  an  iron  ball  A,  as  reprefented  Plate  IV. 
Fig.  I . that  is  hollow,  and  will  ferew  in  two  halves  in  the 
middle  ; to  one  half  mu(t  be  fixed  a pipe  B,  bended  for  the 
convenience  of  going  into  a vefTcl  of  water,  then  put  your 
metal  in,  and  ferew  it  up,  and  place  it  on  the  fire,  and  the 
mercury  will  evaporate  from  the  ball  along  the  pipe  into  the 
vciTel  of  tvater  C,  and  leave  all  the  dregs  behind. 

u 
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J general  defcription  of  making  Thermometers. 

I,  BEING  well  provided  with  tubes,  with  bottles  at 
the  end  of  them,  provide  fome  good  fpirils  of  wine,  with 
alkanate  root,  and  put  it  in  the  bafon.  Fig.  2;  then  take 
the  inflrument.  Fig.  3,  which  is  a large  iron  tube,  heat  it 
red  hot,  and  with  a pair  of  tongs  lay  hold  of  it  at  A,  and 
immerfe  the  ball  A,  ajul  tube.  Fig  2,  into  it  while  hot, 
and  it  will  drive  the  air  out  of  the  ball ; then  immediately 
immerfe  it  into  the  bafon,  and  the  fpints  w jll  alcend  into 
the  ball  and  fill  it.  If  it  fhould  not  be  quite  full  the  firft 
operation  ; it  may  be  done  a fecond  or  third  time. 


How  to  fill  a Tube  with  Mercury. 

TAKE  a tube.  Fig.  4,  and  lap  a paper  funnel  on  the 
top  of  it,  and  pour  mercury  into  it,  until  it  covers  the  top 
B then  heat  it  as  before,  w'ith  the  mercury  in  it,  and  the 
air  will  afeend,  and,  as  it  were,  feem  to  boil  through  the 
mercury ; when  obferve  as  foon  as  it  has  done  boiling,  take 
it  out  of  the  inflrument,  Fig.  3,  and  the  mercury  will  de- 
feend  into  the  ball,  until  it  be  quite  full  5 after  which  fet  it 
tp  cool,  to  fuch  a degree  of  denfity,  that  the  mercury  will 
not  fettle  into  the  ball  in  extreme  frofl ; then,  by  heating  it 
a little,  you  may  throw  out  as  much  fuperfluous  mercury  as 
you  find  fufHcient ; afterwards  hermetically  feal  it  with  your 
blow-pipe  and  lamp,  and  it  is  ready  to  be  applied  to  a fcale. 

Farenheit  s fcale  is  moft  generally  in  ufe,  and  the  re- 
markable periods  of  heat  are  as  follows:  212  water  boils, 
575  Spirits  of  wine  boils,  112  Rver  heat,  98  blood  heat, 


MISCELLANEOUS  ARTICLES.  83 

^6  lunimer  heat,  55  temperate,  32  water  freezes,  27 
vinegar  frezccs,  20  llrong  wines  freezes,  o the  degree  of 
cold  produced  by  mixing  fnow  and  fait,  (fee  fcale  Fig.  5) 
W'hen  you  have  hlled  your  ball  and  tube  to  your  fatisfadlion, 
before  you  hermetically  feal  the  end,  put  the  ball  into 
boiling  water  and  obferve  how  high  it  rlfes  ; which  part 
you  mull  mark  with  a file,  to  a very  great  exa£lnefs;  then 
let  it  fettle  to  froft,  or  (if  froft  cannot  be  obtained)  to  the 
grcatefl  tiegree  of  cold  you  can,  according  to  another  good 
thermometer  j wliich  point  alfo  mark  exacSlly  ; after  which 
divide  tlie  intermediate  points,  and  continue  them  down- 
wards as  in  the  fcale,  according  to  their  refpedive  places, 
then  heat  the  mercury  in  the  ball,  until  it  has  forced  all  the 
air  out  of  the  tube,  at  which  time  inftantly  feal  it  by  a blow 
pipe  and  lamp.  In  order  to  facilitate  the  procefs  of  fealing 
the  tube,  it  will  be  necelTary  to  obferve,  that  the  end  of 
the  tube  fliould  be  drawn  out  as  fmall  as  a hair,  by  means 
of  a blow-pipe  and  lamp;  when  the  mercury  is  forced  by 
heat  up  to  that  fmall  part,  applying  the  flame  of  a candle 
to  the  end  at  that  time,  will  feal  it  without  the  help  of  a 
blow-pipe. 

Thofe  who  defire  a more  accurate  defeription  of  the 
different  fcales,  may  be  well  inflrucled  in  Martine  s trcatifc 
on  the  fcales  of  thermometers ; it  would  be  quite  too  co- 
pious to  be  inferted  here. 


To  make  Silver  Solder. 

MELT  tine  fdver  two  parts,  brafs  one  part ; don’t 
keep  them  long  in  fufion,  left  the  brafs  fly  away  in  fumes. 

M 2 


Another 
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Another  for  coarjer  Silver. 

MELT  four  parts  of  fine  filver,  and  three  of  brafs,  throw 
in  a little  borax,  and  pour  it  out  as  Toon  as  it  is  melted. 


A Solder  for  Gold. 

M.EXT  copper  one  part,  fine  filvcr  one  part,  and  gold 
two  parts ; add  a little  borax  when  it  is  juft  melted,  then 
.pour  it  out  immediately. 


'The  Method  of  Soldering  Gold  or  Silver. 

AFTER  tlie  folder  is  call  into  an  ingot,  it^would  be 
more  ready  for  ufe  if  you  “were  to  draw  it  into  fmall  wire, 
or  fiat  it  between  twp  rollers;  after  that  cut  it  into  little  bits, 
then  join  your  work  together  with  fine  foft  iron  wire,  and 
with  a camcl’s-hair  pencil  dipt  in  borax,  finely  powdered, 
and  well  moiftened  with  water,  touch  the  joint  intended  to 
ibe  foldcred;  placing  a little  folder  upon  the  joint,  apply  it 
upon  a large  piece  of  charcoal,  and  with  a blow  pipe  and 
lamp,  blow  upon  it  through  the  flame  until  it  melts  the 
folder,  and  it  is  done. 

, To  cleanfe  Silver  after  it  is  Soldered, 

MAKE  it  juft  ’red  hot,  and  let  it  cool,  then  boi^ 
it  in  allum  water,  in  an  earthen  veflel,  and  it  will  be  as 

clean. 
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clean  as  when  new.  If  gold,  boil  it  in  urine,  and  ful- 
armoniac. 


A Scldrr  for  Lead. 

TWO  parts  lead  and  one  part  tiin  its  goodnefs  is  tried 
by  melting  it,  and  pouring  the  bignefs  of  a crown  piece 
upon  the  table  i for  if  it  be  good,'thcre  will  arife  little  bright 
liars  in  it.  Apply  rofin  when  you  ufe  this  folder. 


A Solder  for  Tin. 

TAKE  four  parts  pewter,  one  of  tin,  and  one  of  bif- 
mouth,  melt  them  together,  and  run  them  into  narrow  thin 
lengths,  and  it  is  done. 


A Solder  for  Iro?7. 

NOTHING  here  is  neceffary  but  good  tough  brafs, 
with  borax  applied,  mixed  with  water,  to  the  confidence 
of  pade. 


A Cement  ufcfel  for  Turners. 

TAKE  rofin  one  pound,  pitch  four  ounces,  melt  thefe 
together,  and  while  boiling  hot,  add  brick-dud,  until  by 
dropping  a little  upon  a done  you  perceive  it  hard  enough ; 
then  pour  it  into  water,  and  immediately  make  it  up  in  ^oljs, 
and  it  is  fit  for  ufe. 
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Another  jiner  than  the  laji. 

take  rofin  one  ounce,  pitch  two  ounces,  add  red 
oker,  finely  powdered,  until  you  percci\’c  it  llrong  enough, 
and  it  is  done. 

Either  of  thefe  cements  are  of  excellent  ufe  to  turners,  by 
applying  to  the  fide  of  a chock,  and  making  it  warm  before 
the  fire,  you  may  fallen  any  thin  piece  of  wood,  which  will 
hold  while  you  have  turned  it,  by  the  cement:  when  you 
want  it  off  again,  ftrike  it  on  the  top  wfith  your  tool,  and 
it  will  drop  off  immediately. 


A Cement  for  broken  Pots,  GlaJJes,  iAc. 

TAKE  quick  lime,  glare  of  eggs,  and  old  thick  varnifii; 
grind  and  temper  temper  well  together,  and  it  is  ready  for 
ufe. 


. ..  A frong  Cement  for  EleSlrical  Purpofes.  • 

MELT  one  pound  of  rofin  in  a pot  or  pan,  over  a flow 
fire,  add  thereto,  as  much  plafler  of  Paris,  in  fine  powder, 
as  will  make  it  hard  enough,  which  you  may  foon  know  by 
trial ; then  add  a fpoonful  of  linfecd  oil,  ftirring  it  all  the 
time,  and  try  if  it  be  hard  and  tough  enough  for  your  pur- 
pofe,  if  it  is  not  fufficiently  hard,  add  more  plafler  of  Paris, 
and  if  not  tough  enough,  a little  more  linfeed  oil. 


N.  B. 
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N.  B.  I believe  this  to  be  as  good  a cement  as  is  pofliblc 
to  be  made  for  fixing  the  necks  of  globes,  or  any  thing 
which  is  wanted  firongly  fixed,  for  it  is  not  very  eafy  to 
melt  again  when  cold. 


Another  fofter  than  the  former. 

TAKE  rolin,  one  pound,  bees-wax  one  ounce,  add 
thereto  as  much  red  oker  as  will  make  it  of  a fulTicient  ftifF- 
nefs,  pour  it  into  water,  and  make  it  into  rolls,  and  it  is  fit 
for  ufe.  This  cement  is  ufeful  in  cementing  brafs  hoops 
on  glalTes,  or  any  other  mounting  of  eledlrical  apparatus. 


A Cement  for  Glafs-Grinders, 

TAKE  pitch  and  boil  it,  add  thereto,  and  keep  (lirring  it 
all  the  while,  fine  fifted  wood  allies,  until  you  have  it  of  a 
proper  temper;  the  addition  of  a little  tallow  may  be  added 
as  you  find  necelTary. 


Another  for  fmall  fVork. 

TAKE  fix  parts  rofin,  and  one  of  bees-wax,  melt  them 
together,  and  if  too  fgft,  add  more  rofin,  if  too  hard,  add 
more  bees-wax,  &c. 


A.  Cement 
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A Cement  or  Glue,  that  will  hold  very  flrongly,  either  agatnjl 
Heat  or  Moijiure. 

MIX  and  boil  linfeed  oil  and  quick  lime  together,  till 
they  become  very  thick,  then  pour  them  out,  and  make  them 
into  rolls  or  cakes,  and  they  will  prove  very  ufeful,  applied 
' to  many  purpofes. 


A good  Glue  for  Sign  Boards,  or  any  Thing  that  mujl  fond  the 
^ Weather. 

MELT  common  glue  with  water,  to  a proper  confid- 
ence ; then  add  linfeed  oil,  with  a little  red  lead,  more  or 
lefs,  as, "you  fee  occafion,  and  it  will  anfwer  the  purpofe 
exceeding  well, 

To  make  a fine  Glue,  wherewith  you  may  caf  curious  Medals. 

STEEP  ifinglafs  in  brandy,  and  when  it  is  diffolved, 
boil  it  together  with  water,  and  fpread  it  over  any  medal, 
and  when  dry,  it  will  appear  perfe£l.  It  mufl;  be  of  a tole- 
rable thick  confiftence,  much  like  common  glue. 


To  fain  Wood  Red. 

♦TAKE  archal  one  pound,  add  oil  of  vitriol,  and 

It  is  ready  for  Bfe;  to  make  it  (Irike  deeper,  add  a little  more 
oil  of  vitriol. 
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To  Stain  Blue, 

DISSOLVE  indigo,  well  bruifed,  one  ounce,  in  a pound 
of  oil  of  vitriol,  fet  it  near  the  fire  for  two  or  three  days, 
keep  flirring  it  about  with  a ftick,  then  let  it  down  to  what 
lircngth  you  pleafe  with  water. 


Tellciv. 

GAMBOGE  or  turmeric  diffolved  in  oil  of  vitriol. 


A blach  Stain  for  Wood. 

HEAT  a fieel-bar  very  hot,  take  it  out  of  the  fire,  and 
fmear  it  over  with  briinftone,  which  will  difiblve  a part  of 
the  furface  ; ferape  it  oft',  and  repeat  this  operation  till  all 
the  fteel  is  quite  diffolved  (or  at  leaft  as  much  as  you  intend 
to  ufe)  then  beat  it  to  a fine  powder,  and  incorporate  it  with 
very  ftrong  alegar  or  vinegar ; add  thereto  blue  nut  galls, 
and  a little  copperas  and  allum ; but  before  you  lay  the 
ftain  on,  it  will  be  proper  to  ftrike  it  over  with  boiling  hot 
logwood  water. 


To  (lain  Green, 

DISSOLVE  gamboge  in  water;  add  of  the  blue  ftain 
to  it  as  you  fee  occafion,  N.  B.  All  the  wood  muft  be  very 
white. 


go 
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Blue  InL 

A little  of  the  blue  ftain  tempered  with  water,  with  the 
;i(idition  of  a little  gum  arable. 


To  make  a good  common  Ink. 

IN  four  parts  of  water  or  beer  let  a pound  of  bruffed 
galls  be'infufed  twenty-four  liours  witliout  boiling  ; to  this 
add  fix  ounces  of  gum  arable  ; and  when  the  gum  is  dif- 
folved,  fix  ounces  of  green  vitriol,  which  will  foon  give  it 
the  black  colour ; the  liquor  is  then  to  be  {trained  through 
a hair  fieve. 

Inks  of  all  colours  may  be  made  by  ufing  a (trong  de- 
coction of  the  Ingredients  ufed  for  dying,  mixed  with  a little 
allum  and  gum  arable.  For  example,  a ftrong  decoftion  of 
brazil  wood,  with  as  much  allum  as  it  can  dilToIve,  and  a 
little  gum  arable  to  give  it  body  and  fome  confiftence,  forms 
a beautiful  red  ink ; other  ingredients  may  be  added,  viz. 
fpirits  to  keep  it  from  freezing,  &c. 


A Compofition  for  Ornaments.  ^ 

TAKE  pounded  chalk,  what  quantity  you  pleafe,  add 
thereto  as  much  thin  glue  as  will  make  it  into  palte,  which 
mix  well  together ; then  put  it  Into  moulds,  being  a little 
oiled,  and  prefs  it  well  in,  after  which,  take  it  out,  and  it 
will  grow  as  hard  as  ftone.  N.  B.  You  muft  make  no 
more  of  the  compofition  tlian  you  want  for  prefent  ufe, 

' for 
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or  if  it  be  left  till  it  grows  hard,  it  cannot  be  worked 
again. 


To  prove  Spirits  of  JFine,  zvhether  they  are  ft  for  Furnip. 

' TAKE  fome  In  a fpoon,  and  put  a little  gunpowder  in  it, 
after  which  fct  it  on  lire  with  a candle  or  lighted  paper ; 
and  if  it  fire  the  gunpowder  when  it  has  burnt  itfdt  diy,  it 
may  be  depended  on  as  good  ; if  not,  it  is  not  fit  for  varnilh 
at  all.  The  lefs  of  watery  parts  are  in  the  varnifii,  the 
fooner  it  dries,  and  is  fit  for  polilhing ; it  alfo  is  more  per- 
rnanent,  and  will  come  to  a better  glCiS. 


To  make  Seed-!ac  Varnijh. 

TAKE  fpirits  of  wine,  one  quart;  put  it  in  a wide 
mouthed  bottle,  and  add  thereto  eight  ounces  of  feed-lac, 
which  is  large  grained,  bright,  and  clear,  free  from  dirt 
and  fticks  ; let  it  fiand  two  days  or  longer  in  a warm  place, 
often  fiiakirtg  it.  Strain  it  through  a flannel  into  another 
bottle,  and  it  is  fit  forufe. 


To  make  Shell-lac  Parnip. 

TAKE  good  fpirits  of  wine  one  quart,  eight  ounces  of 
thethinncfl;  and  moft  tranfparent  fliell-lac,  which,  it  melted 
intlie  flame  of  a candle,  will  draw  out  in  the  longell  and 
finefl  hair ; mix  and  fliake  thefc  together,  and  let  them 
Hand  in  a warm  place  tor  two  days,  and  ii  is  icudj  for  ufe. 

This  varnifii  is  iofter  than  that  which  is  made  ot  feed-lac, 

Tsj  o therefore 
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therefore  is  not  fo  ufeful ; but  may  be  mixed  with  it  for 
varniniing  wood,  &c. 


T 7 make  a Lacker  for  Brajs. 

TAKE  eight  ounces  of  fpirits  of  wine,  and  one  ounce 
of  arnotto,  well  bruifed,  mix  this  in  a bottle  by  itfelf;  then 
take  one  ounce  of  gamboge,  and  mix  it  iii  like  manner  to 
the  fame  quantity  of  fpirits:  alfo  bruifed  fafFron,  fleepcd  in 
fpirits  to  nearly  the  fame  proportion  ; after  t!]is  take  fccd- 
lacvarnifli,  what  quantity  you  plpafe,  and  you  may  brighten 
it  to  your  mind  by  the  above  mixture  : if  it  be  too  yellow, 
add  a little  more  from  the  arnotto  bottle  ; and  if  it  be  too 
red,  add  a little  more  from  the  gamboge  or  fatfron  bottle  ; 
if  too  flrorig,  add  a little  fpirits  of  wine,  ixc.  thus  you  may 
temper  lacker  or  varnifii  to  what  degree  of  perfedtion  you 
pleafe, 


To  caji  Fegetables,  Itifsfis,  /mail  Birds,  Frogs,  Fijh,  tdc.  in 

Flajier  Moulds. 

PROVIDE  a trough  of  boards,  nailed  together  fo  as  not 
to  let  water  run  through  the  joints  • fufpend  in  the  trough 
by  thread_or  Holland  twine  in  feveral  places,  the  vegetable 
plant,  infedl,  &c.  which  you  would  cad  ; which  being  per- 
formed, mix  four  parts  plafler  of  Paris  and  two  parts  of  fine 
brick  dud  with  common  water  to  the  confidence  of  cream, 
and  with  this  cover  the  thing  intended  to  be  cad,  obferving 
nottodidort  it  from  its  natural  pofition  if  poilible  ; when 
you  have  filled  your  trough,  let  it  harden  by  placing  it  near 
the  fire  by  degrees,  till  you  can  make  it  red  hot  j then  let  it 

cool 
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cool,  and  with  a pair  of  bellows,  blow  and  fliake  as  much 
of  the  allies  out  pf  the  mould  as  you  can : you  mun:  now 
put  a fmall  quantity  of  quicklilver  into  tlie  mould,  and 
lliake  It  in  order  to  loofen  every  part  of  the  alhes  therein, 
all'o  to  make  a palfage  through  where  the  firings  were  tied 
in  order  to  let  the  air  out,  when  you  pour  in  your  metal. 


prepare  a Metal  for  tlpc  above  Work. 

TAKE  of  grain  tin  6,  blfmuth  2,  and  lead  3 ounces ; 
melt  them  together  in  an  iron  ladle,  and  you  may  call  in 
the  above  mould  to  your  fatisfailion. 

You  may  combine  the  above  ingredients  in  fuch  propor- 
tions as  to  compofe  a metal  which  will  melt  in  boiling  water. 


To  caji  Convex  or  Concave  Moulds  of  Medals  on  Tinfoil  With 

Flafer  of  Paris. 

TAKE  a medal,  &c.  and  cover  it  with  very  thin  tinfoil, 
which  prefs  as  clofe  to  the  medal  as  you  can  ; go  over  every 
parr  with  a brufh,  laying  on  tolerably  hard,  in  order  to  prels 
the  tinfoil  into  every  cavity  of  the  medal,  after  which  you 
may  pour  prepared  plafter  upon  It ; and  when  it  is  hard, 
take  the  medal  out,  leaving  the  tinfoil  in  the  piafler ; then 
with  a little  fine  olive  oil,  anoint  the  tinloil  and  the  plaller 
where  it  mull  part,  and  pour  more  plaller  upon  the  tinloil, 
which  alfo  let  harden;  you  may  then  feparate  them,  and 
take  out  the  tinfoil,  and  vou  will  have  both  a convex  and 
concave  mould. 


Chemical 
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Chemical  Trfinf colourations. 

among  the  moft  pleafing  as  well  as  furprifuig  pheno- 
mena of  nature  may  be  juftly  ranked  the  tranfcolourations 
produced  by  chemiflry,  and  thofe  are  the  more  pleafing  in 
general  which  are  moft  eafily  executed. 


Colours  produced  hy  the  Mixture  of  colourlejs  Fluids. 

Red.  Spirits  of  wine  mixed  with  fpirit  of  vitriol. 

Orange.  Solution  of  mercury  mixed  with  oil  of  tartar. 

Yellow.  Solution  of  fublimatc  and  lime  water. 

Green.  Tin6lure  of  rofes  and  oil  of  tartar. 

Purple,  Solution  of  copper  and  fpirit  of  fal  ammo- 
niac. 

Bhe.  Tin£lure  of  rofes  and  fpirit  of  wine. 

White.  Solution  of  fublimate  and  fpirit  of  fal  am- 
moniac. » 

Black.  Solution  of  fugar  of  lead  and  folution  of  vitriol. 


Colours 
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Colours  produced  by  the  mixture  of  coloured  Fluids. 

Green.  Tindlure  of  fafFron,  which  is  yellow,  mixed 
with  tin£lurc  of  red  rofes. 

Crimfon.  Tin6lure  of  violets,  which  is  blue,  and  fpirit 
of  fulphur,  which  is  brown. 

Blue.  Tincture  of  red  rofes,  which  is  red,  and  fpirit 
of  hartfliorn,  which  is  brownifh. 

Purple.  Tin£lure  of  violets,  which  is  blue,  and  folution 
of  Hunearian  vitriol,  which  is  blue. 

Violet.  Tlnflure  of  violets,  which  is  blue,  and  folution 
of  copper,  which  is  green. 

Green.  Tinaure  of  cyanus  (blue  bottle  flower)  which 
is  blue,  and  fpirit  of  fal  ammoniac  coloured  blue. 

Tellozv.  Solution  of  Hungarian  vitriol,  which  is  blue, 
and  lixivium,  which  is  brown. 

Blach.  Solution  of  Hungarian  vitriol,  which  is  blue, 
and  tinaure  of  red  rofes. 

I 

Red.  Tinaure  of  cyanus,  which  is  blue,  and  folution  of 
copper  which  is  green. 


Colours 
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Colours  charged  and  rejlored. 

SOLUTION  of  copper,  which  *is  green,  is  made  co- 
loiirlcfs  by  fpirit  of  nitre  ; and  is  reftored  again  by  oil  of 
tartar. 

Limpid  infufion  of  galls  is  made  black  by  a folution  of 
vitriol,  and  traufparent  again  by  oil  of  vitriol ; and  then 
black  again  by  oil  of  tartar. 

Tin£liire  of  red  rofes  is  made  black  by  a folution  of  vi- 
triol, and  becomes  red  again  by  oil  of  tartar. 

A flight  tincflurc  of  red  rofes,  by  fpirit  of  vitriol,  becomes 
a fine  red ; then,  by  fpirit  of  fal  ammoniac  turns  green  ; 
and  then  by  oil  of  vitriol  becomes  red  again. 

Solution  of  verdegris  which  is  green,  becomes  colourlefs 
by  fpirit  of  vitriol ; then  by  fpirit  of  fal  ammoniac  becomes 
purple  ; and  then  by  oil  of  vitriol  becomes  colourlefs 
again. 

Take  antimony  apd  grind  it  to  powder,  and  it  will  become 
black.  Let  it  be  calcined  with  aqua  regia,  and  it  will  be  of 
a greenilh  yellow  \ and  when  fublimed  with  fal  ammoniac 
it  will  be  white,  red,  yellow,  greenifh,  and  black  ; of  an 
uniform  red,  when  freed  from  its  fait  by  water;  but  white 
when  fixed  with  thrice  its  weight  of  nitre.  Thus  may  be 
feen  almoll  all  the  colours  in  one  folid  bodv. 


Mercury 
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Mercury  dllVolved  by  aquafortis,  and  diflilled  in  a glafs 
retort,  artords  likewife  in  different  parts  of  the  glafs, 
variety  of  colours. 

To  turn  an  almoft  limpid  liquor  blue:  pour  fpirits  of 
fal-ammoniac  to  a folution  of  verdegris  in  vinegar,  and 
dilute  it  with  water  till  it  be  almoft  limpid.  To  turn 
that  blue  liquor  pellucid,  add  an  acid  to  it,  till  the  acid 
predominant. 

To  turn  a very  green  liquor  of  a beautiful  violet  colour  ; 
to  a high  green  folution  of  copper  in  vinegar,  drop  fpirit  of 
offal-ammoniac  till  the  alkali  predominate. 

To  produce  numerous  blues  and  greens  between  a deep 
blue  and  a deep  green : put  a flrong  and  hot  folution  of 
copper  in  fal-ammoniac,  into  a clean  cylindrical  glafs,  and 
add  thereto,  flowly,  fpirits  of  nitre,  drop  by  drop.  A dif- 
ferent colour  between  the  two  degrees,  will  appear  upon 
the  addition  of  each  drop. 

Several  of  the  above  compofitions  when  put  in  glafs 
globes,  and  placed  in  a window  with  lamps  behind  them 
make  beautiful  illuminations. 


Sympathetic  Inks. 

V By  fympatheti.c  inks  is  meant  thofe  fort  of  liquors 
r with  which  any  charadlers  being  written  they  remain  in- 
vifible,  till  fomc  method  is  ufed  to  give  them  a colour. 
There  are  a great  number  of  compofitions  for  performing 
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the  above,  but  I fliall  only  mention  a few,  fufficient  to 
give  a general  idea  of  their  nature  and  ufe. 

r.  Take  one  ounce  of  litharge  of  lead,  incorporate  it 
with  twice  the  quantity  of  ftrong  diftilled  vinegar,  and  let 
it  (land  twenty  four  hours.  Then  ftrain  it  off,  and  let  it 
remain  till  it  be  quite  fettled.  Preferve  this  liquor  in  a 
bottle. 

2.  Take  one  ounce  of  orpiment  in  powder,  add  thereto 
two  ounces  of  quick  lime,  put  the  ingredients  into  a 
pint  bottle  with  as  much  water  as  will  ftand  two  fingers 
above  them.  Place  the  bottles  in  a warm  place,  and  in 
twenty  four  hours  the  water  will  be  rtrongly  impreg- 
nated; then  pour  the  liquor  gently  off,  and  put  it  in  a 
bottle  well  corked,  and  it  is  ready  for  ufe. 

'V  -;n'.  . 

In  preparing  thefe  liquors  you  muft  take  care  that  thejr 
have  no  communication;  for  the  vapour  of  the  latter  is 
fufficient  to  deflroy  the  limpidity  of  the  former,  and  there- 
by render  it  unfit  for  ufe. 

• When  you  write  with  the  former  ink  the  letters  will 
be  invifible,  until  you  expofe  the  vapours  of  the  fecond; 
thus  you  may  read  what  was  written  as  plain  as  if  written, 
with  ink. 


Another  Sympathetic  Ink. 

1.  Diffolve  green  vitriol  in  common  water,  and  add  a 
fmall  quantity  of  nitrous  acid,  to  prevent  that  yellowifli 
pfccipitatioft  tliat  will  otherwife  be  formed.  The  clta- 
rcx^Icrs  wrote  in  this  diffolution  with  a new  pen  will  be  in- 
vifible. . ' ' ' 


/ 
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•2.  Infufe  in  three  fourths  of  a pint  of  water,  or  wlnie 
wine,  two  ounces  of  fmall  aleppo  galls,  and  at- the  end  of 
two  or  three  days  pour  the  infuliou  off : thtis  by  drawing  a 
pencil  dipped  in  this  infuiion  over  the  letters  wrote  with  the 
lall  dilfolution,  they  Avill  appear  oi  a beautiiul  black,  efpe- 
cially  if  the  infufion  be  llrojig. 

’The  letters  wrote  wdth  the  lart  dilfoltition  will  become  a 
fine  blue  ; if  they  be  wetted  with  water  faturated  with 
Prullian  blue:  and  letters  w-rotc  with  this  water,  which 
will  be  inviliblc,  will  likcwifc  turn  to  a fine  blue,  by  being 

wetted  with  the  above  dilfolution. 

i 

Direiliiris  for  maling  the  lef  Compofitlons  for  the  Metal  of 
refcBtng  Telejcopes;  together  with  a Defcrlptlon  qf  the 
Procefsfor  grimUfig,  polljhing,  and  giving  the  great  Speculum 
the  true  parabolic  curve. 

THE  pcrfcblion  of  the  metal  of  which  the  fpeciilum 
lliould  be  made,  conlifts  in  its  hardnefs,  whitenefs,  and 
compaTnefs : for  upon  thefc  properties,  the  reffeffive 
powers  and  durability  of  the  Ipeculum  depend. 

The  beft  compofition  for  the  Specula  of  refleiling  Te-’ 
lefcopcs  is  as  follows : 

Take  good  Swedifli  copper  two  pounds,  and  when 
melted,  add  fourteen  ounces  and  a half  of  grain  into  it ; 

1 hen  having  taken  oft  the  fcoria,  call  it  into  an  ingot.  This 
metal  mult  be  a fecond  tunc  melted  to  caft  a fpeculum  ^ 
but  it  will  tule  in  the  compound  flate  with  a linall  hear, 
and  therefore  will  not  calcine  the  tin  into  putty  ; it  Ihould 
be  poured  off  as  foon  as  it  is  melted,  giving  it  no  more 
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heat  that  is  abfolutely  neceiFary.  It  is  to  be  obftTved, 
liowcver,  that  the  fame  metal,  by  frequent  melting,  lofes 
foinething  of  its  hardnefs  and  whitenefs ; when  this  is  the 
cafe,  it  becomes  neccflary  to  enrich  the  metal  by  the  ad- 
dition of  a little  tin,  perhaps  in  the  proportion  of  half  an 
ounce  to  a pound.  And  indeed  when  the  metab  is  firfl 
made,  inftead  of  adding  the  fourteen  ounces  and  a half 
of  tin  to  the  two  pounds  of  melted  copper,  about  one 
ounce  of  the  tin  were  to  be  referved  and  added  to  it  in  the 
fucceeding  melting,  before  it  is  cart  off  into  the  moulds 
the  compofifion  would  be  more  beautiful,  and  the  grain  of 
it  much  finer : this  I know  by  experience  to  be  the  cafe. 

The  bed  method  for  giving  the  melted  metal  a good 
furfacc  Is  this : the  moment  before  it  is  poured  off,  throw 
into  the  crucible  a fpoonful  of  charcoal  dull;  immediately 
after  which,  the  metal  mud  be  dirred  with  a wooden 
fpalula,  and  poured  into  the  moulds. 

The  metal  being  cad,  there  will  be  no  cccafion  for  a 
coiBplicated  apparatus  for  grinding  and  polilhing  it.  Four 
tools  are  all  that  are  necedary,  viz.  the  rough  grinder  to 
work  off  the  rough  face  of  the  metal,  a brafs  convex  grin- 
der, on  which  the  metal  is  to  receive  its  fpherical  figure; 
a bed  of  hones  which  is  to  perfed  'that  figure,  and  to  give 
the  metal  a fine  fmooth  face;  and  a concave  tool  or  bruifcT 
with  which  both  the  brafs  grinder,  and  the  hones  are  to  be 
formed.  A polifliermay  be  confidcred  as  an  additional  tool; 
but  as  the  brafs  grinder  is  ufed  for  this  purpofc,  and  Its 
pitchy  furface  is  expeditioufly,  and  without  difficulty  formed 
by  the  bruifer,  the  apparatus  is  therefore  not  enlarged. 


MISCELLANEOUS  ARTICLES.  loi 


Of  Rough  Grinding  the  Speculum. 

THE  tool  by  which  the  rough  furfacc  of  the  metal  Is 
rendered  fmooth  and  fit  for  the  hones,  is  bell  made  of  lead, 
ftiffened  with  about  a fifth  or  fixth  part  of  tin.  This  tool 
fhould  be  at  lealt  a third  more  in  diameter  than  the  metal 
which  is  to  be  ground;  and  for  one  of  any  fize  not  lei's 
than  an  inch  thick.  It  may  be  cemented  upon  a block  of 
wood,  in  order  to  raife  it  higher  from  the  bench. 

This  leaden  tool  being  caft,  it  mufl  be  fixed  in  the  lathe, 
and  turned  as  true  as  it  is  poUible,  by  the  gage,  to  the 
figure  of  the  Intended  fpeculum,  making  a hole  or  pit  in 
the  middle  as  a lodgment  for  the  emery,  of  about  an  inch 
diameter  fur  a metal  of  four  inches : when  this  is  done, 
deep  grooves  muft  be  cut  acrofs  its  furface  with  a graver, 
in  the  manner  reprefented.  Plate  XV  il,  of  the  Introduc- 
tion to  LTeful  Knowledge,  Fig.  3. 

Thefe  grooves  will  ferve  to  lodge  the  emery,  and  by  their 
means  the  tool  will  cut  a great  deal  fafter.  There  is  no 
occafion  to  fear  any  alteration  in  the  convexity  of  this  tool 
by  working  the  metal  upon  it,  for  the  emery  w'ill  bed  itfelf 
in  the  lead,  and  fo  far  arm  the  furfacc  of  it,  that  it  will 
preferve  its  figure  and  cut  the  metal  very  lad.  Any  kind  of 
alow  handle,  fixed  on  the  back  of  the  metal  with  foft  ce- 
ment will  be  fufficient ; but  it  Ihould  cover  two  thirds  of  itS\ 
back  to  prevent  its  bending.  This  way  of  working  will 
cut  the  metal  tolerable  fall,  and  with  more  truth  than  any 
other  method  yetdeferibed, 


When 
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When  all  the  fand-holcs  and  irregularities  on  the  face  of 
-the  inetal  arQ  ground  off,  and  the  whole  furface  is  fmooth 
and  regularly  figured,  the  fpeculum  is  then  ready  for  the 
brafs  grinder,  and  muff  be  laid  afide  for  the  prefent. 


MOiVier  of  forming  the  Brdfs  grinding  Tool. 

• Procure  a round  flout  piece  of  Hamburgh  brafs,  at  moff, 
a lixtli  part  farger  than  the  metal  to  be  poliflicd,  and  let  it 
be  well  hammered  into  a degree  of  convexity  (by  the  aififl- 
ance  of  a gage)  fiiitable  to  the  intended  fpeculum.  Elav- 
ing  done  this,  ferape  and  clean  the  concave  fide  fo  thorough- 
ly, that  it  may  be  well  tinned  all  over;  then  caff  upon  it, 
after  it  has  been  preffed  a proper  depth  into  the  fand,  the 
ktrmer  compofition  of  tin  and  lead,  in  fuch  quantity,  that  it 
may  (for  a fpeculum  of  four  inches  diameter),  be  at  leaff  an 
irtch  and  an  half  thick,  and  with  a bafe  conftderably  broader 
than  the  top,  in  order  that  it  may  ffand  firmly  upon  the 
bench,  in  the  manner  hereafter  to  be  deferibed.  This  be- 
ing done,  rt  mun:  be  fixed  and  turned  in  the  lathe  with  great 
care,  and  of  fuch  a convexity  as  exadly  to  fuit  the  concave 
gage,  which  wefuppofe  already  made.  It  will  be  neceffary 
to  be  more  careful  in  forming  this  than  the  former  tool,  and 
tfpccially  that  no  rings  be  left  from  the  turning,  nor  will 
the  fucceeding  hone  tool  require  fo  much  exaitnefs,  as  any 
defciSts  in  .turning,  will,  by  a method  hereafter  mentioned, 
be  caiily  remedied;  but  any  inequality  or  W'ant  of  truth  in 
the  brafs  tool,  will  occafion  a great  deal  of  trouble  before  it 
can  Ixr  ground  out  by  the  emery.  This  tool  muff  have  a 
htile  i^fomewhal  lefs  than  that  of*  the  metal  to  be  worked 
V-pon  it',  -in  the  middle,  quite  through  to  the  bottom. 

When 
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When  this  tool  is  tiniflicd  oli  in  the  lathe,  its  diameter 
fliould  be  one  eighth  wider  than  iliC-nietal. 


Hozv  tofonn  the  Bed  a f Hones,  or  third  Tsoi 

HAVING  chofen  the  bell  blue-ftone,  fuch  as  clock- 
makers  life  in  polilTiing  up  their  work  (taking  great  care 
that  there  be  no  red  veins  in  it,  for  fuch  veins  are  gene- 
rally harden,  therefore,  will  prevent  its  wearing  equal)  it 
murt  be  then  cemented  to  a piece  of  ftone,  or  metal;  if  the 
blue-ftone  cannot  be  procured,  as  large  as  is  required,  m one 
piece,  it  may  be  joined  together  with  cement,  the  fize  re- 
quired; after  which,  you  muft  faw  it  into  | inch  fquares. 
and  about  one  eighth  of  an  inch  below  the  face  oftheftone, 
in  order  to  carry  off  what  wears  off  the  done,  and  likewife 
what  grinds  off  the  metal.  The  bed  of  hones  ffiould  be 
one  fourth  part  larger  than  the  metal  which  is  ground  up- 
on it,  and  turned  as  true  as  pofliblc  to  the  gage  in  a turner  s 
lathe. 


The  Manner  of  forming  the  Bruifer,  the  fourth  and  lafl 

Tool. 

THIS  tool  fliould  be  likewife  made  of  thick  flout  brafs, 
like  the  former,  perfeifly  found,  about  a quarter  of  an  inch 
thick,  and  hammered  as  near  to  the  gage  as  poffible.  It 
fliould  be  then  feraped,  cleaned,  and  tinned  on  the  convex 
fide,  as  the  former  tool  was  on  the  concave,  and  the  fame 
thicknefs  of  lead  and  tin  caft  upon  it.  The  general  fliape 
of  this  fliould  differ  from  the  former ; for  as  that  increaied 
in  diameter  at  the  bisttom  for  the  fake  of  flanding  firmly. 
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fo  this  rtionlcl  be  only  as  broad  at  bottom  as  at  top,  as  it  is 
to  be  iifcd  occafionnally  in  both  thefe  poiitions.  When 
this  tool  is  fixed  in  the  lathe,  and  turned  off  concave 
to  the  convex  gage  with  great  truth  ; its  diameter  ought 
likewife  to  be  the  middle  fize  between  the  hones  and 
the  poliflier. 

Having  with  the  latiic*  roughly  formed  the  convex 
brafs  grinder,  the  beds  of  hones,  and  the  concave  bruif- 
ers,  the  convex  and  concave  brafs  tools,  and  the  metah 
they  mufl  be  wrought  alternately  and  reciprocally  upon  i 
each  other,  with  fine  emery  and  water,  fo  as  to  keej)  them 
as  nearly  to  the  fame  figure  as  pofliblc,  in  order  to  which, 

Ibmc  waflicd  emery  muft  be  procured.  This  is  beft  done 
by  putting  it  into  a phial,  which  muft  be  half  filled  with 
water,  and  well  fhaken  up,  fo  that,  as  it  fubfides,  the 
coarfeft  may  fall  to  the  bottom  firft,  and  the  fineft  remain 
nt  the  top : and  w’hcnever  frelh  emery  is  laid  on  the  tools, 
the  beft  method  (which  w’e  ftiould  alw’ays  obferve  with  the 
putty  in  polilhing),  will  be  to  fliakc  the  bottle  gently,  and 
pour  out  a fmall  quantity  of  the  turbid  mixture. 

/ 

Of  grinding  the  Speculum,  the  Brafs  Tool,  and  the  Bruifer 

together. 

All  the  tools  being  ready,  upon  a firm  poft  in  the  mid- 
dle of  a room,  you  are  to  begin  to  grind  the  convex  tool 
with  the  bruifer  upon  it,  working  the  latter  crofs-w'ays 
with  ftrokes  fometimes  acrofs  its  diameter,  at  others  a lit- 
tle to  the  right  and  left,  and  always  fo  ftiort,  that  the  ' 
bruifer  may  not  pals  above  half  an  inch  within  the  furfacc 
of  the  brafs  tool,  either  Nvay,  Uniting  the  bruifer  round  its 
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axis  every  half  dozen  (Irokcs,  or  thereabouts.  You  niun; 
likewlfe  every  now  and  then,  llilft  your  own  pofition,  by 
walking  round,  and  working  at  different  fides  of  the 
brafs  tool,  at  the  times  the  llrokes  Ihould  be  carried  round 
and  round,  but  not  much  over  the  tool : in  (liort,  they  mufl 
be  diredded  in  fuch  a way,  and  the  whole  grinding  con- 
du£led  in  luch  a rrianner,  and  with  fuch  equability,  that 
every  part  of  both  tools  may  wear  equally.  This  habit  of 
grinding,  as  well  as  the  future  one  of  polifhing,  may  be 
loon  acquired. 

When  you  have  wrought  in  this  manner  about  a quarter 
of  an  hour  with  the  bruifer  upon  the  tool,  it  will  be  then 
necefTary  to  change  them,  and,  placing  the  bruifer  upon  its 
bottom,  to  work  the  convex  tool  upon  that  in  the  fame 
manner. 

When  by  working  in  this  equable -manner  alternately 
with  the  bruifer  and  tool,  and  occafionally  adding  frelh 
cmerys  you  have  nearly  got  out  all  the  veftiges  of  the  turn- 
ing tool,  and  brought  them  both  nearly  to  a figure,  it  will 
be  then  time  to  give  the  fame  form  to  the  metal.  This 
muff  be  done  by  now  and  then  grinding  it  upon  the  brafs 
tool  with  the  fame  kind  of  emery,  taking  care  however,  by 
working  the  two  former  tools  frequently  together,  to  keep 
all  three  cxa'£lly  in  the  fame  curve.  The  befl:  kind  bi  handle 
for  the  metal  is  made  of  lead,  a little  more  than  double  its 
thicknefs,  and  fomewhat  Icfs  in  diartieter,  of  about  three 
pounds  weight,  with  a hole  in  the  itliddle  a little  larger 
than  that  in  the  metal  : this  handle  fhould  be  cemented 
on  with  pitch.  The  upper  edge  of  this  weight  muff:  be 
rounded  otF,  that  the  fingers  may  not  be  hurt ; and  a groove 

P about 


io6  MISCELLANEOUS  ARTICLES. 


about  the  bignefs  of  the  little  finger,  be  turned  round  juft 
below  it,  for  the  more  conveniently  holding  and  taking  the 
metal  off"  the  tools. 


The  Manner  of  figuring  the  Metal  upon  the  Hones. 

WHEN  the  bruifer,  brafs  tool,  and  metal,  are  all 
brought  to  the  fame  figure,  and  have  all  a good  furface,  the 
next  part  of  the  procel's  is  to  give  a corredt  fpherical  figure, 
and  a fine  face  fo  the  metal,  upon  the  hones.  It  will  be 
neceflary  to  premife,  however,  that  the  hones  Ihould  be 
placed  in  a vcflel  of  water,  with  which  they  Ibould  be 
quite  covered  for  at  lead  an  hour  before  they  are  ufed, 
otherwife  they  will  be  perpetually  altering  their  figure  when 
the  metal  comes  to  be  ground  upon  them.  The  fame  pre- 
caution IS  alfo  necefiary,  if  you  are  called  off  from  your 
work  while  you  are  grinding  the  metal,  for  if  they  be  fuf- 
fered  to  grow  dry,  the  fame  inconvenience  will  arife. 

In  order  to  give  a proper  figure  to  the  hones,  and  ex- 
adlly  fuitable  to  that  of  the  brafs  tool,  bruifer,  and  metal 
when  the  hones  are  fixed  down  to  the  block,  fome  common 
flour  of  emery  (unwaflied),  with  a good  deal  of  water, 
muft  be  put  upon  theipj  and  the  bruifer  being  placed  upon 
the  hones,  and  rubbed  .thereon  with  a gentle  ftroke  and  a 
light  hand,  the  inequalities  of  the  ftone  will  be  quickly 
worn  off ; but  as  a great, deal  of  mud  will  be  fuddenly  gen- 
erated, it  muft  be  wafhed  off  every  quarter  of  a minute, 
with  a great  deal  of  water.  By  a repetition  of  this  tw^o  or 
three  times,  the  hones  (being  of  afoft  and  friable  fubftance), 
will  be  cut  down  to  the  figure,  without  much  wearing  er 
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altering  the  bruifcr.  Though  bufincfs  inny  be  qukkly 
done,  and  can  be  continued  but  for  a few  Itrokcs  at  a time; 

I need  not  fay,  that  it  is  neceflTary  tliat  tliofe  ftrokes  be 
earned  in  the  fame  dircilion,  and  with  the  fame  care 
which  was  obferved  in  grinding  the  two  former  tools  toge- 
ther. 

As  foon  as  the  hones  have  received  the  general  figure 
of  the  bruifer,  and  all  the  turning  ftrokes  are  worn  out 
from  them,  th.c  emery  inuft  be  caretully  waftied  off;  in 
order  to  which,  it  will  be  necclfary  to  clear  it  from  the 
joints,  w'ith  a brufti,  under  a ftream  of  water.  The  bruifer 
and  metal  miift  be  likewife  cleared  in  the  fame  manner,  and 
with  equal  care,  iromany  lurking  particles  of  emery. 

The  hones  being  fixed  down  to  the  block,  you  now 
begin  to  work  the  bruifer  upon  them,  with  very  cautious, 
regular,  fhort  ftrokes,  forward  and  backwarti,  to  the  right 
and  left,  turning  the  axis  of  the  bruifer  in  the  hand  while 
you  move  round  the  hones,  by  fhiftingyour  pofition,  and 
walking  round  the  block.  Indeed  the  whole  now  depends 
upon  a knack  in  working,  which  flipuld  be  condu.ifled 
nearly  in  the  following  manner  : having  placed  the  bruifey 
on  the  center  of  the  hones,  flide  it  in  an  equable  manner 
forward  and  backward  with  a ftroke  or  two  diredly  acrofs 
the  diameter,  a little  on  one  (ide,  and  fo  on  the  other  ; then 
fliifting  your  polition  an  eighth  part  round  the  block,  and 
having  turned  the  bruifer  in  your  hand  about  as  much, 
give  It  a ftroke  or  two  round  and  round,  but  not  far  over 
the  edges  of  the  hones,  and  then  repeat  the  crofs  ftrokes  as 
before  : thofe  round  ftrokes  (which  ought  not  to  be  above 
two  or  three  at  moft)  arc  given  every  time  you  Ihift  yom 
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own  poHtion,  and  that  of  the  metal,  previous  to  the  crofs 
ones,  in  older  to  take  out  any  flripes  either  in  the  hones  or 
bruifer,  wliich  may  be  fuppofed  to  be  occafioned  by  tlie 
firaight  crofs  flrokes  .During  the  time  of  working,  no  mud 
niuE  be  fullered  to  colleft  upon  the  hones,  fo’as  to  deliroy 
the  perfedl  conta6l  between  the  two  tools ; and  therefore 
they  mull  every  now  and  then  be  wafhed  clean,  by  throw- 
ing forhe  water  upon  them.  When  by  working  in  this 
manner,  all  the  emery  ftrokes  are  ground  off  from  the 
bruifer,  and  it  has  acquired  a good  figure  and  clean  furface, 
you  may  then  begin  with  the  metal  upon  the  hones,  in  the 
fame  cautious  manner,  wafiiing  off  the  mud  as  faft  as  it 
collefts,  though  that  will  be  much  lefs  now  than  when  the 
bruifer  was  ground  upon  them.  Every  now  and  then,  how- 
ever, the  bruifer  mull  be  rubbed  gently  and  lightly  upon  the 
hones,  which  will  as  it  were,  by  fliarpening  them,  and 
preventing  too  great  fmoothnefs,  occafion  them  to  cut  the 
metal  much  fafter. 

When,  after  having  fome  time  cautioufly  wrought  in  the 
manner  before  deferibed,  the  hone  pavement  has  uniformly 
taken  out  all  the  emery  ftrokes,  and  given  a fine  face  and 
true  figure  to  the  metal,  which  will  be  pretty  well  known 
by  the  great  equality  there  is  in  the  feel  while  you  are 
working,  and  by  which  an  experienced  workman  will 
form  a pretty  certain  judgment ; having  proceeded  thus  far, 
I fay,  you  may  then  try  your  metal,  ,and  judge  of  its  figure 
by  this  more  certain  manner. 

Work  the  hone-pavement  quite  clean  ; then  put  the 
metal  upon  the  center  of  it,  and  give  two  or  three  light 
^rokes 'round  and  round  only,  not  carrying,  however,  the 
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evUcs  of  the  metal  nuicli  over  tlie  hones  ; this  will  take  out 
Viie  order  of  llraiglit  llrokcs  ; tlieu  having  again  wallicd  the 
fiones,  and  placed  the  fpeculiim  upon  their  center,  with  a 
gentle  preil'ure,  Hide  it  towards  you,  till  its  edge  be  brought 
a little  over  that  of  the  hones  ; then  carry  it  qtiite  acrofs  the 
diameter  as  far  as  the  other  fide,  and  having  given  the  metal 
a light  llroke  or  two  in  this  dircclion,  take  it  oft  the  tool. 
The  metal  being  '.viped  qtiite  dry,  place  it  upon  a table  at  a 
Tittle  diftance  from  a window  ; ftand  yourfelf  as  near  the 
window  at  Tome  diftance  from  the  metal,  and  looking  ob- 
liquely on  its  furface,  turn  it  round  its  axis,  ami  yon  will 
fee  at  every  half  turn  the  grain  given  by  the  laft  crofs  ftrokes 
iialh  upon  your  eye  at  once,  over  the  whole  face  ot  the 
metal.  This  is  a certain  proof  of  a true  fpherlcal  fiugre 
For  as  there  Is  nothing  foft  or  elaftic,  cither  in  the  metal 
or  in  the  hones,  this  glare  is  a certain  proof  of  a perleifl 
conta6l  in  every  part  of  the  two  furfaccs  ; which  there 
could  not  be,  if  the  fpheres  were  not  both  pcrfcel  and  pre- 
eifely  the  fame. 

Indeed  there  is  one  accidental  circumftancc  which  no 
ccliarily  affords  its  aid  in  tliis  and  every  bufmefs  of  the  like 
fort ; and  this  is,  that  a concave  and  convex  furface  ground 
together,  though  ever  fo  irregular  at  firft,  will  (if  the 
working  be  uniform  and  proper,  confifting,  cfpecially  at 
laft,  of  crofs  ftrokes  in  every  dirc6tion  acrofs  the  diameter) 
be  formed  into  portions  of  true  and  equal  fpheres ; had  it 
not  been  for  this  lucky  neceftity,  it  would  have  been  im- 
poftible  to  have  produced  that  correanefs  which  is  elTcntial 
in  the  fpcculum  of  a good  reflecling  telefcope  by  any  mecha- 
nic contrivance  w'hatcver.  For  when  it  is  confidered  that 

the  errors  in  rcfle6lioh  arc  fupr  times  as  great  as  in  refrac- 
••  tion 
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tlon,  and  that  the  lafl  defe£l  in  figure  is  magnified  by  the 
powers  of  the  inl'uumcnt  ; anything  fliuri  of  perfeilion  in 
t!ic  figure  of  the  fpeculum,  would  be  evidently  perceived 
by  a want  of  dillui£lnefs  in  the  performance. 

I muff  not,  however,  quit  this  article  without  obferving, 
that  I all  along  fuppofe,  both  in  forming  the  tools,  and  at 
lafl:  figuring  the  metal  (and  indeed  the  fame  mufl  be  ob- 
ferved  in  the  future  procefs  of  polifhing),  that  no  kind  of 
prefliire  is  ufed  that  may  endanger  the  bending,  or  irregu- 
larly grinding  them  they  fhould,  therefore,  be  held  with 
a light  hand,  and  loofely  between  the  fingers,  and  the  mo- 
tion given  fliould  be  in  an  horizontal  diredlion,  with  no 
more  preflure  than  their  own  dead  weight. 

Having  now  fijiiflicd  the  metal  on  the  hones,  and  ren- 
dered it  both  in  point  of  figure  and  furlace,  fit  for  the  lafl 
and  mofl  eflential  procefs,  viz.  that  of  polifliing,  I will 
dcfcribe  it  in  the  belt  manner  I can  ; though  many  little 
circumflances  which  are  unavoidably  omitted  (and  which, 
at  the  fame  time,  are  frequently  eflential  to  the  fuccefs  of 
a mechanic  procefs)  can  only  be  fupplied  by  a6lual  experi- 
ence. 

The  polifhing  of  the  fpeculum  is  the  mofl  difficult  and 
eflential  part  of  the  whole  procefs ; for  every  experienced 
workman  knows,  to  his  vexation,  that  the  mofl  trifling 
error  here  will  be  fufficient  to  fpoil  the  figure  of  his  metal, 
and  render  all  his  preceding  caution  ufelefs. 

I fhall  explain  a method  not  only  of  giving  the  metal  a 
parabolic-  figure,  but  alfo  of  recovering  it  when  it  happens 
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to  be  injured  ; both  lo  be  ctfeded  in  the  aft  of  polllliing, 
and  the  former  as  certainly  as  the  Ipherical  figure  is  given 
upon  the  hones. 

Indeed,  if  we  confidcr  rightly,  poliffiing  will  be  per- 
ceived to  be  but  a kind  of  grinding  with  a finer  oider  of 
(Irokes,  and  with  a powder  infinitely  finer  than  what  was 
before  ufed  in  what  was  commonly  called  the  grinding. 


Hs'U)  to  polifl)  the  Speculum. 

I T is  necelTary  to  obferve,  that  in  order  to  avoid  the 
detrimental  intrufions  of  any  particles  of  emery,  it  would 
not  be  right  to  polilh  in  the  fame  room  where  the  metal 
and  tools  were  ground,  nor  in  the  fame  clothes  which 
w'ere  worn  in  the  former  procefs  ; at  leaf!,  it  w'ould  be 
necelfary  to  keep  the  bench  quite  wet,  to  prevent  any  dull 
from  rifing. 

Having  then  made  the  polifher  by  coating  the  brafs 
convex  tool  equally  with  pitch,  which  we  fuppofe  I'moothed 
and  finifhed  with  the  brafs  tool  in  the  manner  before  de- 
feribed,  and  which  is  a very  eafy  procefs  ; the  whole  opera- 
tion is  begun  and  finifhed  in  the  following  manner  : 

The  leaden  weight  or  handle  upon  the  back  of  the  metal 
fhould  be  divided  into  eight  parts,  by  fo  many  deep  flrokes 
of  a graver  upon  the  upper  lurface  of  the  lead,  making 

each  flroke  with  the  numbers  i,  2,  3,  4> 

the  turns  of  the  metal  in  the  hand  may  be  known  to  be 

uniform  and  regular. 
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'Eo  prevent  any  mifehief  from  coarfe  panicles  of  pntly, 
I always  vvalh  it  immediately  before  uling : in  order  to 
this,  put  about  half  an  ounce  of  putty  into  an  {)unce  phialv 
and  fill  it  two  thinls  with  water ; then  having  fltaken  the 
whole-,  let  the  putty  fubfide,  and  Itop  the  bottle  with  a 
cork. 

In  a tca-cup,  with  a little  water,  there  fliould  be  a full- 
lizcd  camel’s-hair  brufli,  and  a piece  of  dry  clean  foap  in 
a gally-pot : a foft  piece  of  fponge  will  alfo  be  neceffary. 
'Lhefe,  as  well  as  the  metal  biuifer  and  poli/her,  fliould  be 
conflanily  covered  from  durt. 

The  poliflicr  being  fixed  dotvn,  and  the  camers-Iiair 
brm'h,  being  firft  whetted  and  rubbed  a little  over  the  foap, 
let  every  part  of  the  tool  be  bruflied  over  therewith  ; 
then  w'ork  the  bruifer  witli  fltort,  flraight,  and  rounci 
flrokes,  lightly  Upon  the  tool,  and  continue  to  do  fo,  now 
and  then  turning  it,  till  the  poliflier  have  a good  face,  and 
be  fit  for  the  metal.  Then  having  lhaken  up  the  putty  In 
the  phial,  and  touched  the  poliflier  in  five  or  fix  places 
with  the  cork  wetted  with  that  and  the  water,  place  the 
bruifer  Upon  the  tool,  and  give  a few  flrokes  upon  thd 
pujty  to  rub  down  any  gritty  particles  ; after  which,  having 
removed  it,  wmrk  the  metal  lightly  upon  the  poliflier  round 
and  round,  carrying  the  edges  of  the  fpeculum,  however, 
not  quite  half  an  inch  over  the  edge  of  the  tool,  and  now 
and  then  with  a crofs  flroke. 

The  firfl  putty,  and  indeed  all  the  fucceediiig  applications 
of  it,  fliould  be  wrought  vviili  a confiderable  wlule ; for  if 
time  be  not  given  for  the  putty  to  bed  itfelf  in  the  pitch,  and 

. any 


MISCELLANEOUS  ARTICLES.  133 


any  quantity  of  it  lie  loofe  upon  the  poliOicr,  it  vs'ill  ac- 
oimulate  into  knobs,'  wliich  will  injure  the  figure  of 
the  metal:  and  therefore  as  often  as  fuch  knobs  arife, 
they  mufl:  be  carefully  fcrapcd  olf  with  the  point  of  a pen- 
knife, and  the  loofe  fluff  taken  away  with  a brufli.  After 
the  putty  is  well  wrought  into  tlie  pitch,  fomc  more  may 
be  ailded  in  the  fame  manner,  but  neve>'  much  at  a time, 
always  remembering  to  work  upon  it  firfl  with  the  bruifer* 
for  fear  any  gritty  particles  may  find  their  way  upon  the 
polillier.  If  the  bruifer  be  apt  to  flick,  and  do  not  Aide 
fmoothly  upon  the  pitch,  the  furface  of  cither  tool  may  be 
occafionally  bruAied  over  with  the  foap  and  w'ater,  but  it 
mufl  be  remembered,  that  the  wet  brufii  muft  be  but  {light- 
ly rubbed  upon  the  foap. 

In  the  beginning  of  this  procefs  little  effecl  is  produced, 
and  the  metal  does  not  feem  to  pohfh  fafl,  in  fome  mea- 
fure  owing  to  its  taking  the  polifh  in  the  middle,  and  per- 
haps becaufe  neither  that  nor  the  brtiifcr  move  evenly  upon 
the  polifher:  but  a little  perfeverance  will  bring  the  whole 
into  a good  temper  of  working  ; ahd  when  the  pitch  is  well 
defended  by  the  coating  of  the  putty,  the  procefs  will  ad- 
vance apace,  and  the  former  acquiring  poffibly  fome  little 
warmth,  the  metal  moves  more  agreeably  over  it,  vtdth  an 
uniform  and  regular  frlTion.  All  this  while  the  metal 
mufl  have  no  more  preffurc  than  that  which  it  derives  from 
its  own  weight,  and  that  of  the  handle  \ and  the  poiiflier 
mufl  never  be  fuffered  to  grow  dry,  but  as  often  as  it  has  a 
tendency  to  do  fo,  the  edges  of  it  mufl  be  moiflened  witli  the 
hair  pencil  ^ and  now  anef  then,  even  when  frefli  putty  is 
not  laid  on,  the  furtace  of  the  polifher  (hould  be  touched 
with  the  brufh  to  keep  it  moifl. 


When 
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WEen  the  polifli  of  the  metal  nearly  reaches  the  edge 
(ipr  it  always,  as  I faid  before,  begins  in  the  middle)  yon 
mull  alter  your  method  of  working;  for  now  tile  round 
flioEcs  muft  lie  gradually  altered  for  the  fliort  and  ftraighi 
ones.  Suppofing  then  you  arc  juft  beginning  to  alter  them ; 
after  having  put  on  frefh  putty,  and  gently  rubbed  it  with 
two  ox  three  ftrokes  of  the  bruifer,  you  place  the  metal  on 
the  tool,  and  after  a ftroke  or  two  rouncl  ^hd  round,  give 
, it  a few  forward  and  backward,  and  from  hde  to  fide,  but 
with  the  edges  very  little  over  the  tool;  then  having  turned 
the  metal  orie  eighth  round  in  your  hand,  and  having  mo- 
ved yourfelf  as  much  round  the  block  (which  muft  be  re- 
membered through  out  the  whole  procefs),  you  go  on  again 
with  a ftroke  or  two  round,  to  lead  you  only  to  the  crofs 
ftrokes,  which  are  now  to  be  principally  ufed,  and  with 
more  boldnefs.  After  this  has  been  done  fome  time,  the 
metal  will  begin  to  move  ftiffly  as  the  friftion  now  in- 
creafes,  and  the  fpeculuin  poliftics  very  beautifully  and  fall: ; 
and  the  whole  furface  of  the  poliftiing  tool  will  be  equally 
covered  over  with  a fine  metallic  bronze.  The  tool  even  now 
muft  not  be  fufterqd  to  become  dry  ; a fingle  round  ftroke  in 
each  of  your  ftations  and  turnings  of  the  metal  will  be  fuf- 
ficient,  and  the  reft  muft  all  be  crofs  ones,  for  we  are  com- 
pleting a circular  figure.  You  muft  now’  be  very  diligent, 
for  the  polifher  drying,  and  the  fri£lionincreafing  very  faft, 
the  bufuiefs  of  the  fpherical  figure  is  nearly  at  an  end.  As 
the  metal  wears  much,  its  furface  muft  be  now  and  then 
cleaned  w'ith  a piece  of  fhammy  leather,  from  the  black 
ftuff  which  colleils  upon  it ; and  the  polifher  likewife  from 
fhe  fame  matter,  with  a foft  piece  of  wet  fponge.  You 
will  now  be  able  to  judge  of  the  perfedl  fpherical  figure  of 
the  metal  and  tool,  when  there  is  a perfect:  correfpondence 
between  the  furfaces,  by  the  fine  equable  feel  there  is  in 
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working,  which  is  totally  free  from  all  jerks  and  inequali- 
ties. Hav in proceeded  thus  far,  you  may  put  the  laft  finifh* 
ing  to  this  figure  of  the  metal  by  bold  crols  llrokes,  only 
three  or  four  in  the  dirctSlions  of  each  of  the  eight  diame- 
ters, turning  the  metal  at  the  fame  time:  this  mull  be  done 
quicklv,  for  it  ought,  in  this  part  of  the  procefs  particu- 
larly, to  be  remembered,  that  if  you  permit  the  tool  to 
grow  quite  dry,  you  will  never  be  able,  with  all  yoiu* 
force,  to  feparate  that  and  the  metal,  without  deftroying 
the  polifher  by  heat. 

The  metal  has  now  a beautiful  polifh  and  a true  fpherical 
figure,  but  will  by  no  means  make  a fharp  diftindk  image 
in  the  telefcope  : for  the  fpeculum  (if  it  be  tried  in  the  man- 
ner hereafter  recommended)  will  not  be  found  to  make 
parallel  rays  converge  without  great  aberration ; indeed, 
the  deviation  will  be  fo  great,  as  to  be  very  fenfibly  per- 
ceived by  a great  indiilinolnefs  in  the  image. 

It  is  here  neceffary  to  remark,  that  there  mtift  be  a hole 
through  the  middle  of  the  polillier,  a little  lefs  than  the 
hole  in  the  metal,  otherways  the  hole  in  the  metal  would 
collect  the  pitch  towards  the  middle,  and  hence  it  would 
be  impolTible  to  make  a good  figure. 


Hciv  to  give  the  Parabolic  Figure  fO  the  Metals. 

In  order  then  to  give  the  fpecuhim  the  lafl  and  finifhing 
figure,  which  is  done  by  a‘  fewftrokes,  it  muft  be  particularly 
remarked,  that  by  working  the  metal  round  and  round,  the 
fphere  of  the  poliflier  by  this  means  growing  lefs,  it  wears 
faflefl  in  the  middle:  and  as  a fegment  of  the  fphere  may 

O -2  become 
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become  parabolic,  by  opening  the  extremes  gradually  from 
within  outwards,  fo  it  may  be  equally  well  done  by  increaf- 
ing  the  curvature  in  the  middle,  in  a certain  ratio,  from 
without  inwards. 

Suppofing  then  the  metal  to  be  now  truly  fpherical, 
flop  the  hole  in  the  polifher,  by  forcing  a cork  into  it 
underneath,  about  an  inch,  fo  that  it  do  not  reach  quite  to 
the  furface ; and  having  walked  off  any  mud  that  may 
be  on  the  furface  of  the  tool  with  a wet  foft  piece  of  fponge, 
vvhilll  theTurface  of  it  is  a little  moift,  place  the  center  of  the 
metal  upon  the  middle  of  the  polilher ; then  having,  with 
the  wetbrufli,  lodged  as  much  water  round  the  edge  of  the 
metal  as  the  projeding  edge  will  hold,  fill  the  hole  of  the 
metal  and  its  handle  with  water,  to  prevent  the  evaporation 
of  the  moiflure,  and  the  confequent  adhefion  between  the 
fpeculum  and  polifher,  and  let  the  whole  reft  in  this  flate 
two  or  three  hours : this  will  produce  an  intimate  contad 
between  the  two,"and  by  parting,  with  any  degree  of  warmth 
they  may  have  acquired  by  the  vicinity  of  the  operator, 
they  will  grow  perfcdly  cold  together. 

‘ By  this  time  you  may  pufh  out  the  cork  from  the  po- 
jilher,  to  difeharge  the  water,  and  give  the  metal  the  pa- 
rabolic figure  in  the  following  manner : 

Move  the  metal  gently  and  flowly  at  firfl,  a very  little 
round  the  center  of  the  polifher  (indeed  after  this  reft  it  will 
move  ftiffly)  then  increafing  by  degrees  the  diameter  of 
thefe  ftrokes,  and  turning  the  metal  frequently  round  its 
axis,  give  it  a larger  circular  motion,  and  this  without  any 
preflure  but  its  own  weight,  and  holding  it  loofely  between 

the 


MISCELLANEOUS  ARTICLES. 


137 


the  finders:  this'  manner  of  working  may  fately  be  con- 
tinued about  two  minutes,  moving  yourlclf  as  iiliial  round 
the  block,  and  carrying  the  round  llrokes  in  their  increaied 
and  larged;  date,  not  more  than  will  move  the  edge  ot  the 
metal  half  an  inch  or  live-eighths  over  the  tool.  The  fpe- 
culum  mud  not  all  this  while  be  taken  offfrom  the  polifln  r ; 
and  confequently  no  frelh  putty  can  be  added.  It  will  nut 
be  fafe  to  continue  this  motion  longer  than  the  time  above- 
mentioned;  for  if  the  parabolic  tendency  be  carried  the 
lead  too  far,  it  will  be  impolTible  to  recover  a true  figure  of 
that  kind,  but  by  going  through  the  whole  procefs  for  the 
fpherical  one  in  manner  before  deferibed,  by  the  crofs  drokes 
upon  the  poliflter,  which  takes  a great  deal  of  time,  flow- 
ever,  when  there  is  occalion,  it  may  be  done  ; and  I have 
myfelf  feveral  times  recovered  the  circular  figure,  when  I 
had  inadvertently  gone  too  far  with  the  parabolic,  and 
ultimately  linlfhed  the  metal  on  the  poliflter  without  the  ufe 
of  the  hones. 


To  try  the  true  Figure  of  the  Metal. 

IT  will  now' be  proper  to  try  the  figure  of  the  pecu- 
lum,  and  that  is  always  bed  done  by  placing  it  in  the  tele- 
fcope  it  is  intended  for.  In  order  to  this,  I ufe  the  indru- 
ment  as  a kind  of  microfeope,  placing  the  objeft  however,  at 
fuch  a didance  that  the  rays  may  be  nearly  parallel.  At 
about  twenty  yards  a watch-paper,  or  fome  fiich  object, 
on  which  there  are  fome  very  fine  hair  drokes  of  a graver 
is  fixed  up.  The  lead  mud  be  then  taken  off  from  the 
back  of  the  fpeculum,  which  is  bed  done  by  placing  the 
edge  ofa  knife  at  the  junction  of  the  lead  and  metal,  when, 

by 
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by  ftriking  the  back  of  it  with  a fliglit  blow,  the  pitcli  im- 
mediately feparates,  and  the  handle  drops  off ; the  remain- 
ing pitch  may  be  feraped  off  with  a knife,  taking  care  that 
none  of  the  duff  ffick  to  the  pol  idled  face  of  the  metal. 

Having  placed  the  fpccuhim  in  the  cell  of  the  tube,  and 
clirctffed  the  inffrument  to  the  objcvff,  make  an  annular 
kind  of  diaphragm  with  card  paper,  fo  as  to  cover  a cir- 
cular portion  of  the  middle  part  of  the  metal  between  the 
hole  and  the  circumference,  equal  in  breadth  to  about  an' 
eighth  part  of  the  diameter  of  the  fpeculum  : this  paper 
ring  lliould  be  fixed  in  the  mouth  ot  the  telefcope,  and  re- 
main fo  during  the  whole  experiment,  for  the  part  of  the 
metal  covered  by  it,  isfuppofed  to  be  perfeft,  and  therefore 
unemployed. 

There  muff  likewife  be  two  other  circular  pieces  of  card- 
paper  cut  out,  of  fuch  fizzes,  that  one  may  cover  the  center 
of  the  metal  by  completely  filling  the  hole  in  the  laff  deferi- 
bed  annular  piece  ; and  the  other,  fuch  a round  piece  as  fliall 
exaftly  fit  into  the  tube,  and  fo  broad,  as  that  the  inner 
edge  juff  touch  the  outward  circumference  of  the  middle 
annular  piece.  It  woidd  be  convenient  to  have  thefe  two 
pieces  fo  fixed  to  an  axis,  that  they  may  be  put  in  their 
places,  or  removed  from  thence  fo  cafily,  as  not  to  difplace 
or  fliake  the  inffrum  nt.  All  thefe  pieces  therefore,  to- 
gether, will  completely  fhut  up  the  mouth  of  the  telefcope. 

Let  the  round  piece  which  covers  the  center  of  the 
metal,  or  that  which  has  no  hole  in  it,  be  removed ; and 
by  a nice  adjuffmentof  the  ferew,  let  the  image  (w'hich  is 
now  formed  by  the  center  of  the  mirror)  be  as  lharp  and 
diffin6l  as  pofiible.  This  being  done,  every  thing  elfe  re- 
maining 
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ivaiiiing  at  rcR,  replace  the  central  piece,  anti  remove  the 
oiitfule  annular  one,  by  which  means  the  circumference 
only  of  the  fpcculum  will  be  expofed,  and  the  image  now 
formed  will  be  from  the  rays  retieded  trom  the  out  fide  of 
the  metal.  If  there  be  nooccalion  to  move  the  ferew  ami 
little  metal,  and  the  two  images  formed  by  thefe  two  por- 
tions of  the  metal  be  pcrfedly  lharp,  and  equally  diltind, 
the  fpeculum  is  perfed,  and'  of  the  true  parabolic  curve  ; 
or  at  leafl  the  errors  of  the  great  and  little  fpcculum,  if 
llierc  be  any,  are  correded  by  each  other. 

It,  on  the  contrary,  under  the  lafl  circumllancc,  the 
image  from  the  outlide  of  the  metal  fliould  not  be  dilfind, 
and  it  (hould  become  necelfary,  in  order  to  make  it  fo,  that 
the  little  fpeculum  be  brought  nearer,  it  is  plain  that  the 
metal  is  not  yet  brought  to  the  parabolic  figure  ; but  if,  on 
the  other  hand,  in  order  to  procure  diftindnefs,  you  be 
obliged  to  move  the  little  fpeculum  farther  off,  then  the 
figure  of  the  great  fpeculum  has  been  carried  beyond  the 
parabolic,  and  hath  affumed  an  hyperbolic  form.  When 
the  latter  is  the  cafe,  the  circular  figure  of  the  metal  muft 
be  recovered  (after  having  fixed  on  the  handle  with  the  foft 
pitch)  by  bold  foftftrokes  upon  the  polifher;  indeed,  a 
very  few  of  them  in  the  manner  before  deferibed  make  in 
effed  a greater  difference  in  the  fpeculum  than  would  be 
at  firfl  imagined.  If  a metal  of  a true  fpherical  figure 
were  to  be  tried  in  the  above-mentioned  manner  in  the 
telefcope  (which  I have  frequently  done)  the  difference  of 
the  foci  of  the  two  fegments  of  the  metal  would  be  fo  con- 
fiderable,  as  to  require  two  or  three  turns  of  the  ferew  to 
adjufi  them  ^ fo  very  great  is  the  aberration  of  a fphcncal 

figure  of  the  fpcculum,  and  fo  improper  to  procure  that 

fharpnefs 
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fliarpnefs  and  prccifion  fo  necelTary  to  a good  reflcding 
telefcope. 

This  is  by  no  means’  the  cafe  with  the  obje£l  glafles 
of  the  refraftors  ; for  befides  that  they  are  in  facSi:  never  fo 
diftin6V  as  well  finifltcd  refle6lors,  the  apertures  of  them 
are  fo  exceedingly  fmall,  compared  to  the  latter,  and  the 
number  of  the  degrees  employed  fo  very  fmall,  that  the  in- 
convenience of  a fphcrical  figure  is  not  fo  much  perceived. 
Accordingly  we  obferve  in  the  generality  of  refleiEtors 
(whofe  fpecula,  unlefs  by  accident,  are  always  fpherical) 
that  the  only  true  rays  which  form  thedifiinil  image  arife 
from  the  middle  of  the  metal : and  unlefs  the  defccfl  be 
remedied  by  a confiderable  aperture,  which  deftroys  much 
light,  the  falfe  refleftion  from  the  infide  of  the  metal  pro- 
duces a greylfh  kind  of  hazinefs,  which  is  never  feen  in 
in  Mr.  Short’s,  or  indeed  in^any  good  telescopes. 

Suppofing  that  the  two  foci  of  the  different  parts  of  the 
rectal  pcrfedly  coincide,  and  that,  by  the  union  of  them 
when  the  apertures  are  removed,  the  telefcope  fliews  the 
ob]ei5fs  veryfiiarp  and  dillimS,  you  are  not  however  eveij 
then  to  conclude  that  the  inftrument  is  not  capable  of  far- 
ther improvement ; for  you  will  perceive  a fenfible  diffe- 
rence in  the  lharpnefs  of  the  image,  under  different  pofi- 
tions  of  the  great  fpcculum  with  refpe6l  to  the  little  one, 
by  turning  round  the  great  metal  in  its  cell,  and  oppofing 
different  parts  of  it  to  different  parts  of  the  little  metal,  cor- 
refting  by  this  means  the  error  of  one  by  the  other.  This 
attempt  fhould  be  perfevered  in  for  fome  time,  turning 
round  the  great  fpeculum  about  one  fixteenth  at  a time, 
and  carefully  obferving  the  rcofi;  difiin^  fituation  each  tim? 
the  eye  piece  is  Screwed  on : when  by  trying  and  turning 

the 
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the  great  metal  all  round,  the  difbn£lefl  pofition  is  difcover- 
ed,  the  upper  part  ot  the  metal  Ihoukl  be  marked  with  a 
black  flrokc,  in  order  that  it  may  always  be  lodged  in 
the  cell  in  the  fame  pofition.  This  is  the  method  Mr. 
Short  always  tiled  ; and  the  caution  is  ot  fo  much  confe- 
quence,  that  he  thought  it  necelTary  to  mention  it  very  par- 
ticularly in  his  printed  diredlions  for  the  uie  of  the  inltru- 
inent. 

And  farther,  Mr.  Short  frequently  corre£led  the  errors 
of  the  great  by  the  little  metal  in  another  way.  If  the 
great  fpccuhim  did  not  anfwer  quite  well  in  the  telefcope, 
he  cured  that  defeft  fometimes  by  trying  the  effe6l  of  fe- 
veral  metals  fucceffivclv,  by  this  means  corre6ling  the  errors 
of  one  by  the  other  ; for  in  feveral  of  his  teleft  opes  which 
have  pafled  through  my  hands,  when  the  fizes  and  powers 
have  been  the  fame,  I have  found  that  the  great  metals, 
though  very  dlllinft  in  their  proper  telefcopes,  yet  have, 
when  taken  out  and  changed  from  one  to  the  other,  fpoiled 
both  telefcopes,  rendering  them  e.xceedingly  indidinft, 
which  could  arife  from  no  other  circumdance. 

To  return:  a little  life  in  W'orking  will  make  the  whole 
of  the  procefs  of  grinding  and  polilhing  very  eafy  and 
certain  : for  though  I have  endeavoured  to  be  as  particular 
as  I can  (I  am  almoft  alraid  too  much  fo),  it  is  yet  fcarcely 
pofTible  to  fiipply  a want  of  dexterity,  arifing  from  habit 
only,  by  the  mofl  laboured  and  minute  defeription.  And 
though  the  above  account  may  appear  irklome  to  the 
reader,  as  it  lies  cold  before  the  eye,  I am  very  fure,  viho- 
ever  attempts  to  make  the  inllrumcnt,  will  not  complain  of 
it  as  tedioiilly  particular. 


R 
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' I will,  however,  farther  remark,  that  when  ihc  metal 
begins  to  move  ftifliy  upon  the  polifhcr,  and  particularly 
when  the  figure  is  almofl  brought  to  the  parabolic  form,  it 
■vvill  be  necelfary  to  fix  (he  elbows  againft  the  Tides,  in  order 
to  give  momentum  and  equability  to  the  njotion  of  the 
hand  by  that  of  the  wliole  body. 

The  fame  poliflier  will  ferve  for  fcvcral  metals,  if  it  be 
fomewhat  warmed  when  you  begin  to  iile  it. 

There  is  another  circumdance,  and  a material  one  too 

f 

which  mufl:  not  be  omitted  ; it  is  this  : for  the  very  fame 
reafon  that  the  pitch  fliould  not  be  too  hard  or  Toft,  the 
work  will  not  proceed  well  in  the  heat  of  ftimmer,  or  cold 
of  winter:  in  the  latter,  it  may  be  pofiible  to  remedy  the 
defc£l  by  having  the  room  warmed  with  a ftove  ; and  in 
the  fummer,  the  other  inconvenience  may  perhaps  be  avoid- 
ed by  ufing  a harder  kind  of  pitch  ; but  I much  doubt  in 
cither  cafe  whether  the  work  will  go  on  fo  kindly;  I have 
myfelf  always  wrought  in  Tpring  and  autumn. 

The  procefs  of  polifliing,  and  indeed  grinding  upon  the 
hones,  will  not  go  on  fo  well  if  it  be  not  continued  unin- 
terruptedly from  beginning  tu  end  ; for  if  the  w’ork  of  either 
kind  be  left  but  for  a quarter  of  an  hour,  and  you  then 
return  to  it  again,  it  will  be  fomc  time  before  the  tool  and 
metal  can  get  into  a kindly  way  of  working  ; and  till  they 
do  you  are  hurting  wdiat  was  done  before. 

I cannot  conclude  without  indulging  myfelf  in  an  ob- 
fervation  on  the  amazing  fagacity  of  Sir  Ifiiac  Newton  in 
etcry  fubjciSt  upon  which  he  thought  fit  to  employ  his  at- 
tention. 
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tcntion.  It  was  he  who  full  propofed,  and  lndce<l  piinlllfed 
the  polilhing  with  pitch  ; a luhitancc  which,  at  hill  light, 
perhaps  every  one  hut  hinilelt  would  have  thouglit  very  uu- 
proper,  from  its  ioftnels,  to  produce  that  correcdiicls  oi 
figure  fo  necelfary  upon  thefe  occalions  ; yet,  he  poliilicd 
fcveral  objccl;  glalfes  lor  retradfing  telcfcopes,  and  mended 
many  more  M’itlt  it  ; and  I do  believe,  that  it  is  the  only 
fubllance  in  nature  that  is  pcrteftly  well  calculated  for  the 
ptirpofe  ; for,  at  the  fame  time  that  it  is  foft  enough  to. 
lutfer  the  putty  to  lodge  very  freely  on  its  furface,  and  for 
that  rcafon  to  give  a moll  tender  and  delicate  pohlfi  , it  is 
likewife  totally  inelaftic,  and  therefore,  never  from  that  prin- 
ciple, fuffers  any  alteration  in  the  figure  you  give  it.  If 
the  firft  makers  of  the  inftrument,  therefore,  had  given 
proper  credit  to,  or  had  fimply  followed  the  hint  Sir  Ifaac 
gave,  it  would  have  faved  them  inhnite  trouble,  and  they 
would  have  produced  much  better  inltruments ; but  the 
pretended  refinement  of  drawing  a timSIurc  from  pitch, 
with  fpirits  of  wine,  affords  you  only  the  refinous,  hard, 
and  untraclable  part  of  the  pitch,  divelfed  of  all  that  part 
of  its  original  fubllance  which  is  necelErry  to  give  it  that 
accommodating  pliability  in  which  its  excellence  conlills. 

It  is  needlefs  to  fwell  this  account  with  a detail  of  the 
procefs  for  polifliing  the  little  fpeculum,  as  it  muft  be  con- 
duded  in  the  fiune  manner  which  has  been  already  de- 
feribed  in  that  of  the  large  one  ; only  obferving,  that  as  the 
little  metal  has  an  uninterrupted  face,  without  a hole,  lo 
there  is  no  occafion  for  one  in  the  pollflicr ; and  likcvvife 
that,  as  a fphcrical  figure  is  all  that  need  here  be  practi- 
cally attempted,  fo  the  difficulty  in  finiffiing  is  in.'initely 
ffiort  of  that  of  the  other. 

R 2 
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As  it  is  always  neceiTary  to  folder  to  the  back  of  the 
little  fpcculum  a piece  of  brafs,  as  a fixture  tor  the  fcrcw 
to  adjuft  its  axis,  I fhall  juft  hint  a fafeand  neat  method  of 
doing  it,  which  may  be  very  ufeful  to  the  optical  or  mathe- 
matical inftrument-makcr  upon  other  occafions.  Having 
cleaned  the  parts  to  be  foldcred  very  well,  cut  out  a piece 
of  tinfoil  the  exait  fizc  of  them  ; then  dip  a feather  into  a 
pretty  ftrong  folution  of  fal  ammoniac  in  water,  and  rub  it 
over  the  furfaces  to  be  foldered  ; after  which,  place  the 
tinfoil  between  them  as  faft  as  you  can  (for  the  air  will 
quickly  corrode  their  furfaces,  fo  as  to  prevent  the  folder 
taking)  and  give  the  whole  a gradual  and  fufficient  heat  to 
melt  the  tin.  If  the  joints  to  be  foldered  have  been  made 
very  flat,  they  will  not  be  thicker  than  a hair  : though  the 
furfaces  be  ever  fo  extcnfive,  the  foldering  may  be  con- 
ducted in  the  fame  manner,  only  that  care  muft  be  taken, 
by  gentle  preflTure,  to  keep  them  clofe  together.  In  this 
manner,  for  inftance,  a filver  graduated  plate  may  be  fol- 
dered on  to  the  brafs  limb  of  a quadrant,  fo  as  not  to  be  dif- 
cernable  by  any  thing  but  the  diflerent  colours  of  the 
metals. 


A Dejcrlpt  'ion  of  the  Grinding  Tools,  and  the  Apparatus  for 
ajeertaining  the  true  Figure  of  the  Speculum. 

THE  grinder  for  working  off  the  face  of  the  metal. 
The  black  ftrokes  reprelent  deep  grooves  made  with  a 
graver.  Fig.  3. 

The  bed  of  hones,  which  is  to  complete  the  fphciical 
figure  of  the  fpeculum,  and  to  render  its  furface  fit  for  the 
polilher.  Fig.;  4,  - 


An 
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An  apparatus  tor  examining  the  parabolic  figure  of  the 
I'peculum.  Fig.  5. 

• A A,  the  mouth  of  the  telefcope,  or  edge  of  the  great 
tube. 

B B,  a thin  piece  of  wood,  fafiened  into,  and  flufli  with 
the  end  of  the  -tube  ; to  which  is  permanently  fixed,  the 
annular  piece  of  pafteboard  C C,  intended  to  cover,  and  to 
prevent  the  adlion  of  the  correfponding  part  of  the  fpe- 
culum. 

D,  another  piece  of  patleboard,  fixed  by  a pin  to  the 
piece  of  wood  B B,  on  which  it  turns  on  a center  ; fo  that 
the  great  annular  opening  H H,  may  be  fliut  up  by  the 
ring  F F,  or  the  aperture  G G,  by  the  imperforate  E* 
in  fuch  manner,  that  in  the  firft  inflance,  the  refleclion  may 
be  from  the  center,  and,  in  the  latter,  from  the  circumfcr. 
rence  of  the  great  fpeculum. 


To  grind  and  polijh  Concave  Lenfes,  for  ProfpeSl  Glaffes,  Lf c. 

PLACE  an  arbor  or  mandrill  in  a turner’s  lathe, 
whereon  you  can  fix  leaden  wheels  of  what  dimenfion 
you  pleafe,  fuppofe  one,  two,  or  three  inches  diameter, 
and  three-eighths,  or  half  an  inch  thick  (which  are  com- 
mon fizes  for  making  the  above-mentioned  infiruments), 
you  then  prepare  the  glafs  by  chipping  it  round  with  a pair 
of  large  fcilfars,  or  fmall  (hears,  to  the  fize  you  want  it, 
and  either  cement  it  to  the  end  of  a little  fiiort  block  of 
wood  made  for  that  purpofe,  or  hold  it  loofc  in  your  fingers 
upon  the  edge  of  the  wheel,  it  having  emery  and  water 

conllantly 
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ronflantly  applied  to  it  all  the  while  you  arc  grinding.  In 
holding  the  glafs,  you  muft  prefs  moderately  upon  it,  and 
keep  turning  it  backward  and  forward  all  the  time,  fo  that 
it  may  have  a true  figure.  When  you  have  ground  it  deep 
enough,  and  you  can  obferve  no  defedl  In  its  fpherical 
figure,  you  muft  apply  no  more  emery,  but  ftill  keep  work- 
ing it  upon  the  toohwith  a very  light  hand'^  it  would  ftill 
be  much  better  if  you  had  another  wheel  .of  the  fame  dia- 
meter, on  which,  you  might  apply  a little  ground  pumice 
ftone,  in  order  to  take  out  the  ftrokes,  or  fcratches,  made 
by  the  emery.  When  you  perceive  it  to  be  in  a proper 
ftate  for  polilhing,  which  you  may  do  by  examining  it 
through  a magnifying  glafs,  and  if  no  fcratches,  nor  holes 
appear,  it  is  then  ready  for  the  polifhing  wheel,  which  is 
made  of  wood,  the  exa£l.  fize  of  the  wheel  on  wliich  it 
was  ground,  and  a piece  of  clean  linen  cloth  faftened  double 
round  its  edge ; then  apply  putty,  moiftened  with  water, 
and  work  it  in  the  fame  manner  as  w'hen  you  ground  it ; 
and,  in  a few  minutes,  you  will  perceive  it  to  have  an  ex.-' 
ccllent  polifh. 


To  grhid  Convex  Lenjes  for  Microjcofic  Ohje^l  GlaJJ'es,  Eye 

Ghijj'cs,  ijfc. 

Firft,  provide  an  upright  fpindle,  at  the  bottom  of  which, 
a pulley  is  fixed,  which  muft  be  turned  by  a wheel  by 
means  of  a cord,  and  handle.  At  the  top  of  the  fpindle, 
make  a ferew,  the  fame  as  a lathe  fpindle,  whereon  you 
may  ferew  chocks  of  different  fort';,  which  may  be  made 
in  the  following  manner  : 

■ ?* 

, Make 
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Make  a hole  In  a piece  of  wood,  juft  to  fit  tight  upon 
the  collar  of  the  fpindle,  and  turn  it  to  one  inch  long,  and 
one  inch  larger  in  diameter  than  the  hole  ^ place  it  on  the 
collar  at  the  chock  end  of  the  Icrew,  and  lap  a piece  of 
paftebourd  round  the  wood,  fo  that  it  may  fland  an  inch 
above  the  top  of  the  ferew;  then  pour  melted  lead  upon  it 
till  the  paper  is  full,  and  when  cold,  you  may  unlcrew  it» 
and  fix  it  in  a lathe ; ferew  the  chock  on  again,  and  turn 
it  true  on  the  end  ; take  it  off,  and  folder  a piece  of  thick 
brafs  upon  it,  with  foft  folder,  afterwards  turn  the  brafs 
to  the  concavity  you  intend  it,  as  true  as  poifible  with  the 
turning  tool,  after  which  apply  it  upon  the  edge  of  a 
wheel  of  the  fame  radius  of  a fphere  as  the  gage  you  turned 
it  by  \ and,  by  grinding  it  a little  in  the  fame  manner  as 
you  grind  concave  glaifes,  it  will  be  ready  for  ufe.  Next 
prepare  the  glafs,  by  chipping  it  to  the  lize  you  want  it» 
and  cement  it  on  the  end  of  a block  ol  wood  of  the  fame 
diameter,  and  one,  two,  or  three  inches  long,  fo  as  to  hold 
it  cafilv  between  your  two  fingers  and  tnumb  , ma»cc  a 
concave  ca^c  of  thin  brafs,  the  fame  radius  of  a fphere  a^ 
the  pan,  and  grind  the  edges  of  the  glafs  upon  a rough 
grinding-ftone,  till  it  tits  the  gttge  ^ then  it  is  ready  for  its 
fpherical  figure. 

The  next  thing  neceflary  is  to  prepare  the  emery,  tvliich 
is  done  in  the  following  manner:  provide  at  Icaft,  fix 
earthen  velFels,  that  will  hold  two  or  three  cjuarts  eacn 
(take  care  they  arc  quite  clean  when  ufed),  fill  the  hrft 
with  water,  and  put  one  pound  of  fine  emery'  in  it,  anci  ftii 
it  well  about  with  a flick,  after  which,  let  it  ftand  about 
three  feconds  of  time,  and  then  pour  it  into  anoiiicr  veHcl, 
wliich  let  ftand  ten.  feconds,  then  pour  it  off  again  into  the 
fevcral  vefTels  until  the  water  is  quite  clear;  and,  by  this 

means, 
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means,  you  will  obtain  emery  of  as  many  degices  of  fine- 
nefs  as  you  plcafe  ; which  mull  be  kept  fepaiute  liom  one 
another,  and  worked  in  their  proper  order,  beginning  at 
the  firlf,  and  working  off  all  the  marks  of  the  grinding- 
(tone  ; then  take  of  the  fecond  and  third.  See.  holding  the 
glafs  upon  the  pan  with  a light  hand,  when  it  comes  to  be 
nearly  fit  for  policing;  a little  experience  will  make  the 
praeSfitioner  quite  perfect. 

The  polifln'ng  is  performed  as  follows : after  the  glafs  is 
brought,  by  grinding  with  emery,  to  a fine  furface,  grind 
fome  pumrce-flone,  by  rubbing  it  with  a little  water  upon 
a done,  and  what  rubs  ofF  mult  be  ufed  in  the  pan  (this  is 
called  bottoming),  wmrk  it  off  with  this,  till  it  is  almoft 
poliflied,  which' will  eafily  be  perceived;  then  tie  a piece 
of  linen  rag  about,  the  pan,  and,  with  putty,  molftencd 
with  water,  continue  the  grinding  motion,  and  in  a little 
time  there  will  be  an  excellent  polifli. 

What  has  been  faid  on  grinding  fpeculums  for  reflecSlors, 
will  be  as  eafily  adapted  to  the  grinding  of  objeft  glaifcs  for 
refraiflors ; for  what  is  called  the  bruifer  there,  wdll,  in 

this  cafe,  be  called  a pan,  and  the  convex  tool  will  become 
the  bruifer. 


There  have  been  contrived  a number  of  different  com- 
pofitions  for  the  metals  of  reflcdling  telefcopes ; among 
which,  the  following  appear  to  be  very  good. 

I . Take  of  clean  new  copper  twenty-four  ounces  ; melt 
it  in  a crucible,  fkim  off  the  fcorla  ; let  the  fire  abate  a 
little,  and  add  ten  ounces  of  the  purcfl  grain  tin  roller! 
up  in  brown  paper ; when  the  tin  is  melted  flir  it  with  a 
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wooJcii  fpatuh,  and  having  yam-  moulds  ready,  pour  the 
metal  into  them. 

The  regulation  of  the  fire  in  making  the  above  metals, 
fliould  be  particularly  attended  to;  for  if  a violent  fire  be 
uftd  after  the  tin  is  added,  the  tin  will  evaporate,  and 
the  metal  will  be  full  of  air-holes,  which  will  prevent 
its  acquiring  a fine  polifh.  Therefore,  when  the  copper 
is  in  pcrfeil  fulion  and  the  fcoria  taken  off,  the  fire 
fhoiild  be  diininilhcd,  the  tin  added,  and  no  more  heat 
fhould  afterwards  be  ufed  than  is  fufficient  to  melt  the 
whole,  fo  as  to  give  the  metal  its  proper  form  when 
poured  off  into  the  mould. 

The  Rev.  Mr.  Echvards  has  taken  a great  deal  of 
pains  to  difeover  the  beft  compofition  for  the  metals 
of  reflecting  telefcopcs,  alfo  to  give  them  a fine  polifh  and 
the  true  parabolic  figtire. 

Thefc  telefcopes  have  been  tried  by  Dr.  Majlidine^  and 
found  greatly  to  excel  in  brightnefs,  and  to  equal  in  other 
refpefts,  thofe  made  by  the  beft  artihs  ; they  fhew  a white 
obje£l  perfectly  white,  and  all  obje6ls  of  their  proper 
colour,  much  different  from  the  common  reflecting 
telefcopes. 

After  having  combined  the  following  metals  and  femi- 
metals,  fuch  as  filver,  plalina,  iron,  copper,  brafs,  lead,  tin, 
antimony,  bifinouth,  zinc,  arfenic,  &c.  he  found,  that  32 
ounces  of  copper,  with  15  or  16  ounces  of  grain  tin,  (ac- 
cording to  the  purity  of  the  copper)  with  the  addition  of 
one  ounce  of  brnfs,  one  of  Jilver,  and  one  ounce  of  arfcnic, 
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will  form  a metal,  capable,  when  poliHied  in  a proper 
manner,  of  rdledling  more  light  than  any  other  metal  yet 
made  public. 


When  it  is  faid  that  the  proportion  of  tin  is  from  15  or 
j6  to  32  ounces  of  copper,  it  fliould  be  underRood  that  the 
proportion  of  tin  will  not  always  be  accurately  the  fame,  as 
copper  will  take  more  or  lefs  tin  to  perfedlly  faturatc  it  ac- 
cording to  its  purity  ; it  might  be  of  ufe  previoully  to  purify 
the  copper  as  much  as  poRible  ; but  a very  little  experience 
in  thefe  matters  will  enable  any  one  cxaftly  to  know  wlicn 
the  copper  is  complcatly  faturated  ; as  the  compofition  will, 
if  broken,  appear  of  a mofl  beautiful  bright,  and  glaffy  na- 
ture, very  much  refembling  the  fine  face  of  quickfilver  ^ the 
method  to  afeertain  that  point  exadlly,  is  to  melt  32  ounces 
of  coppcr,and  to  add  to  it,  when  fulHcicntly  fufed,  15  ounces 
of  tin,  and  to  pour  the  mixture  into  an  ingot ; then  to  a 
certain  known  portion  of  this  compofition  add  a very  fmall, 
but  known,  portion  of  tin,  and  thus  by  a few  trials  one 
may  cafily  obtain  the  point  of  complete  faturaiion,  and  the 
maximum  of  perfe£lion  ; having  then  afcertaijied  w'hat  por- 
tion of  tin  is  added  to  the  above  known  quantity  of  the 
compofition,  add  the  proportional  quantity  of  tin  to  the 
w'hole,  when  melted  a fecond  time.  Thus  if  I find  I mufi; 
add  I quarter  of  an  ounce  to  i pound  of  the  compofition, 
fo  as  to  obtain  the  utmofl:  brilliancy  ; then  I know,  that 
when  I fhall  melt  the  remainder  of  the  metal  a fccond 
time,  in  order  to  call  the  fpeculinn,  I mufl  add  i ounce  of 
grain  tin  to  4 pounds  of  the  compofition  made  according 
to  the  proportion  of  32  ounces  of  copper  to  15  ounces 
of  tin. 
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The  bed  mctliod  poHiblc  to  make  this  compofitlon  to 
the  greated  advantage,  is  to  melt  tlie  copper  as  fluid  as  pol- 
lible,  and  flux  it  with  the  blacb^fiux,  which  is  made  by  mix- 
ing 2 parts  oi  tartar,  with  i oi  nitre  \ to  melt  the  tin  in  a 
feparate  crucible  by  itfelf ; to  take  the  two  crucibles  out  of 
the  fire,  and  pour  the  melted  tin  into  the  fluid  copper,  and 
dir  it  indantly  w'ith  a wooden  Tpatula,  and  pour  the  cvhole 
immediately  into  a large  quantity  of  cold  water.  The  fud- 
den  chill  from  the  cold  water  divides  the  melted  mafs  into 
an  infinite  number  of  fmall  particles,  and  by  that  means  cools 
It  indantaneoufly,  and  canfequently  prevents  the  tin  from 
calcining  fenfibly ; and  hence  it  was  always  found,  that  in 
the  fecund  melting  the  compofition  was  entirely  free  from 
pores,  even  though  no  arfenic  had  been  employed.  Yet 
the  addition  of  arlenic  ever  rendered  it  much  morecompadl, 
ami  indeed  fpecifically  heavier,  as  well  as  more  brilliant  and 
beautiful ; for  the  fpecific  gravity  of  the  compofition  itfelf 
is  8.78;  but  with  the  addition  of  i ounce  of  arfenic,  to  i 
pound  of  metal  it  is  8.89. 

After  having  made  the  brilliant  compofition  of  copper  and 
tin,  melt  the  proportionable  quantity  of  lilver  and  brafs  in 
a fmall  crucible  by  itfelf.  When  you  put  the  compofition 
a fecond  time  into  the  crucible,  add  alfo  the  lump  of  brafs 
and  filver  melted  before  in  a feparate  crucible,  and  when  the 
whole  is  fluid,  add  the  proportionable  quantity  of  arfenic, 
and  then  pour  it  off  into  the  flafles  after  the  jeoria  is  taken 
off,  and  a little  powdered  rofm  is  thrown  into  it.  In  other 
words,  it  is  better  not  to  add  the  brafs  to  the  copper  in  the 
firft  melting,  as  the  heat  of  the  copper  calcines  the  Lapis 
Calaniinaris  \i\  the  brafs,  which  renders  the  ntetal  not  fo 
good,  as  it  the  brafs  and  filver  were  melted  together,  (as 
filver  melts  with  a !efs  heat  than  brafs)  and  then  added  to 
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tlie  mcial  in  ihc  fecond  melting.  As  copper  requires  a 
much  greater  heat  to  melt  it  than  braCs,  it*gives  too  great  a 
heat  to  the  brafs  when  it  is  added  to  it,  which  by  calcining 
the  lapis  calaminaris  in  the  brafs  will  fometimes  canfe  the 
metal  to  be  in  a fmall  degree  porotis.  By  ptirfuing  the 
above  method  it  will  never  be  porous  in  the  lead  degree. 
We  are  not  to  imagine  it  porotis  becaufe  it  breaks  up  with 
the  emery.  It  w'ill  always  do  fo  with  the  fined  emery;  but 
thefe  break-ups  are  taken  out  by  the  bed  of  hones.  If  the 
common  blue  hones  arc  ufcd>  a little  w'ater  mud  be  applied 
at  a time,  to  make  them  cut  the  metal.  Having  faid  lb 
much  relative  to  the  compofition  of  the  metal,  which  is  in- 
deed a capital  article,  we  will  pafs  on  to. 


‘The  Manner  of  cajiing  this  Metal. 

THE  fand  mod  proper  for  the  ptirpofe  of  cading  fpe- 
culums,  is  the  common  Highgate  fand  generally  ufed  by  the 
London  Founders  ; it  fhoiild  be  as  little  wet  as  may  be,  and 
well  beaten,  but  not  too  hard.  The  flaflcs  diould  beat  lead 
2 inches  wdder  than  than  the  metal  intended  to  be  cad  ; for 
if  the  fand  is  not  of  a fufficient  thicknefs,  it  will  indantly 
become  dry  when  the  hot  Iluid  metal  is  poured  into  it,  and 
confequently  will  contradf,  and  of  courfe  the  fluid  metal 
will  run  out  of  the  flafks.  A proper  thicknefs  of  fand  will 
however  prevent  this  accident.  The  metal  or  pattern  mud 
be  made  of  brafs  or  hard  pewter,  and  mud  be  a little 
thicker  than  the  fpeculum  intended  to  be  cad  from  it,  as 
the  thing  cad  is  always  a little  lefs  than  the  pattern,  owing 
to  its  contrafling  a fmall  degree  in  cooling.  A wooden  pat- 
tern will  not  quit  the  fand  near  fo  well  as  one  made  of  me- 
tal ; befides  wood  will  always  warp  by  the  moidure  of  the 

fand. 
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Ian  and  confequcntly  will  give  a falle  figure  or  form  to 
the  intended  (pcciduni,  and  io  create  mure  labour. 

As  the  coinpolition  here  given  for  the  (pcculum  is  the 
hardelt,  and  the  moll  brittle  of  any  metal  yet  kn.own,  fo  it 
is  the  moll:  dillicult  to  call:  the  commdn  manner  of  cafling 
other  fpccula  will  not  avail  in  the  Icall  degree  hrre,  and  it 
was  a conliderablc  time,  before  a certain  and  infallible  way 
to  call  them  irec  from  faults  or  flaws  in  the  face  down- 
down  wards,  was  found  out. 

The  ingaie  fliould  be  at  the  back  of  the  metal,  and  at  the 
very  edge  of  it,  its  breadth,  where  it  joins  the  metal,  Ihould 
be  at  Icall  half  the  diameter  of  the  metal,  and  its  thicknefs 
mufl  be  half  the  thicknefs  of  the  metal  at  the  edge;  and  tlte 
upper  part  of  the  git  Ihould  contrdn  as  much  metal  at  leall, 
or  even  more,  than  the  fpcculum  itfelf. 

When  the  pattern  with  its  ingate  is  taken  out  of  the 
fand,  ten  cr  a dozen  fmall  holes  fliould  be  made  through  the 
fand  at  the  back  of  the  mould,  with  a fmall  wire  or  com- 
mon knitting-needle,  to  permit  the  air  to  cfcape  as  the 
metal  is  poured  into  the  mould.  It  is  found  by  experience 
that  fevcral  fmall  holes  are  infinitely  better  for  that  purpofe 
than  one  large  hole. 


Whc.n  the  metal  is  melted  a fecond  time,  which  mufl  be 
done  with  as  fmall  adegrec  of  heat  as  poflible,  and  the  propor- 
tionable quantity  of  crude  arfenic  in  coarfe  powder  is  addeil, 
flir'it  with  a wooden  fpatula  \ when  the  fumes  arc  gone  ofl, 
take  the  metal  off  the  f re,  take  away  the  drofs,  and  add  half 
an  ounce  cr  an  ounce  of  powdered  rolin,  or  equal  parts  of 
powdered  rofm  and  nitre,  in  cider  to  giie  the  metal  a good 
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face,  ftir  it  well  with  a Hick  and  pour  it  immediately  into 
the  flalks*  When  the  git  is  tilled  up  with  the  fluid  metal, 
ftrlke  the  flaflts  gently,  fo  as  to  tliake  or  jog  the  metal  in 
them  in  a fmall  degree;  this  will  prevent  any  flaws  in  the 
face,  from  any  air  bubbles  being  lodged  there.  When 
the  metal  has  remained  in  the  flalks  for  a few  minutes,  fo 
as  to  become  entirely  folid,  open  the  fiaflts  when  the  metal 
is  red  hot  (it  cannot  crack  in  this  flate,  though  it  is  ex-, 
pofed  to  the  air,  as  all  metals  arc  malleable  when  they 
arc  red  hot)  and  take  out  the  fpeculum  with  a pair  of 
tongs,  laying  hold  of  it  by  the  git,  but  take  care  to  keep 
the  face  downwards  to  prevent  it  from  linking;  force 
' out  the  fand  from  the  hole  in  the  middle  of  the  mirror 
with  a piece  of  wood  or  iron,  and  place  the  fpeculum  in 
an  iron  pot  with  a large  quantity  of  hot  allies,  or  fmall 
coals,  fo  as  to  bury  the  fpeculum  in  them  a fufficient 
depth ; if  the  fand  is  not  forced  out  of  the  hole  in  the  man- 
ner above  dirc6lcd,  the  metal  by  finking  as  it  cools  will 
embrace  the  fand  in  the  middle  of  the  fpeculum,  fo  tight, 
as  to  caufc  it  to  crack  before  it  becomes  entirely  cold  ; and 
if  the  metal  is  not  taken  out  of  the  fand,  and  put  in 
a pot  with  hot  afhes  to  anneal  it,  the  moiflure  from  the 
fand  will  always  break  the  iWetal.  Let  the  fpeculum  re- 
main in  the  aflies  till  the  whole  is  become  entirely  cold. 
The  git  may  eafily  be  taken  off,  by  marking  it  round 
with  a common  fire  half-round  file,  and  giving  it  then  a 
gentle  blow  ; the  metal  is  then  to  be  ground  and  figured. 


Of  rough  grinding  arid  figuring  the  Speculum. 

THE  befl:  method  found  to  rough  grind  the  fpeculum, 
is  to  grind  the  furface  of  it  quite  bright  upon  the  com- 
mon 
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mon  grincl-llonc,  made  nearly  to  the  iigiire  or  focus  of  ihc 
fpeculuni,  by  a gauge.  T ake  it  then  to  a convex  tool  made 
of  lead  and  tin,  or  elfe  of  pewter,  and  grind  the  metal  upon 
it  with  line  emery  ; which,  however  line  it  may  be,  will 
break  up  the  metal  very  much.  This  tool,  or  rough 
grinder,  lliould  be  of  an  elliptical  form,  and  not  circular, 
and  of  fuch  dimenfions  that  the  flaorteft  diameter  of  the 
ellrjTe  fltould  be  equal  in  breadth  to  the  diameter  of  the 
mirror,  and  the  longcll  diameter  of  the  elliptical  tool  Hiould 
be  to  the  fliorten;  diameter  in  the  proportion  of  lO  to  9 
accurately. 

When  the  metal  is  brought  to  a true  figure,  it  muH:  be  - 
broil yht  to  a convex  tool  formed  with  fome  ftones  from  a 
place  called  Eclgdoii,  in  Shropjlnre,  fituate  between  Ludhtv 
and  Bipjops-CaJile  ; thefe  floncs  or  hones  are  of  a fine  gram, 
and  will  eafily  cut  the  metal,  and  bring  it  to  a fine  face. 
T.'he  bed  of  hones  fhoiild  be  of  a circular  figure,  and  but 
very  little  larger  than  the  metal  intended  to  be  figured  upon 
it,  viz.  about  2-tenths  of  an  inch,  but  net  more  for  a fpe- 
culum  of  4 or  5 inches  diameter.  If  the  tool  is  made  con- 
fiderably  larger  than  the  metal,  it  will  grind  the  metal  per- 
petually into  a larger  fphere,  and  by  no  means  of  a good 
figure  ; if  the  metal  and  tool  are  of  the  fame  fizc  cxaftly, 
the  metal  will  work  truly  fpherical,  but  it  is  apt  to  fliorten 
the  focus  lefs  and  lefs,  unlcfs  the  metal  and  tool  are  worked 
alternately  upwards  : it  had  better  be  made  a little  (about 
I -twentieth  part)  greater  in  diatfieter,  larger  than  the. mir- 
ror, when  it  will  not  fo  much  alter  its  focus.  Too  much 
water  lliould  not  be  ufed  at  ?.  time  upon  the  hone  pave- 
ment, or  the  figure  will  be  very  bad  ; which  may  calily  be 
feen  by  the  face  of  the  metal  appearing  of  different  degrees 

of  brightnefs  in  different  parts  ot  it.  When  the  metal  is 

brought 
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brought  10  a very  fipc  face  and  figure  by  the  bed  of  hones, 
it  is  then  ready  to  receive  a polifli ; but  before  we  give  ili- 
redions  concerning  the  manner  of  polifhing  it,  a circum- 
fiance  or  two  inadvertently  palled  over  muft  be  mentioned, 
Tlie  metal  mull:  not  be  call  too  thick,  or  it  will  never  take 
the  parabolical  figure  intended  to  be  given  to  it : the  boll 
proportion  found  for  this  purpofe  is  a metal  of  4 \ inches 
diameter,  and  18  inches  focus  ; it  fliould  be  4-tenths  of  an 
inch  thick  at  the  edge  of  it,:  the  back  of  the  mirror  fliould 
be  convex  to  ftrengthen  it,  and  to  caufe  it  to  fpring  and 
adhere  to  the  polilher  uniformly,  its  convexity  fliould  be 
equal  to  its  concavity" on  the  face,  that  the  metals  may  be 
every  where  of  an  equal  tliickiiefs.  The  handle  fliould  be 
made  of  lead,  of  the  fame  convexity  and  concavity  as  the 
metal ; its  thicknefs  about  double  that  of  the  metal ; and 
its  diameter  3-fourths  of  that  of  the  fpcculum ; it  fliould 
have  a hole  in  the  middle,  wkij  a copper  or  iron  ferew  on 
it,  fo  as  to  put  it  together  with  the  mirror,  to  which  it  is 
iaflened  with  pitch,  on  a collar  lathe,  in  order  to  fmooth 
and  finifli  the  edge  of  the  metal,  which  may  be  done  by 
holding  a fine  file  to  it,  when  in  the  lathe  at  firfl,  and  af- 
terwards one  of  the  above-mentioned  ftones. 


Of  policing  the  Metal,  and  giving  it  the  true  parabolic 

Figure. 

TKE  rough  grinder  ofiisn  elliptical  form  is  now  to  be 
covered  with  common  pitch.  The  pitch  for  this  purpofe 
is  generally  made  by  boiling  tar  in  a_ ladle,  over  a flow'  fire, 
till  it  becomes  of  the  confidence  required,  for  there  is  a 
great  nicety  in  the  degree  of  hardnel's  of  the  pitch.  The 
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linnler  the  pitch  is,  the  better  figure  it  will  give  to  the  me- 
tal, as  it  does  not  alter  its  Hgurc  in  working,  as  loft  pitch 
docs;  berulcs  the  metal  will  acquire  a luftre  upon  a po- 
li liter  moderately  hai\l,  lb  as  to  Ihew  objebls  refliebted  from 
it  as  vivid  and  as  near  their  natural  colour  as  poflible;  but 
if  the  pitch  is  too  foft,  fomc  of  its  finell  particles  wall  al- 
ways adhere  to  the  face  of  the  metal,  and  form  a very  fine 
and  thin  cuticle  or  covering  upon  its  I’urface.  This  cir- 
cumflancc  is  rendered  very  cviilent  by  viewing  any  white 
object  in  the  metal,  when  that  fine  cuticle  or  covering 
tipon  the  furface  of  the  fpeculum  will  caufe  it  to  fliew  the 
objc>i1;  of  a dingy  brown  colour,  and  not  of  its  genuine 
white  nclL 

Pitch  may  be  eafily  made  harder  by  adding  to  it  a proper 
quantity  of  rofin.  I often  ufc  equal  quantities  of  pitch 
and  rofm,  fo  as  to  make  the  mixture  jull  fo  hard  when 
cold  as  to  receive  an  impreilion  from  a moderate  preffure  of 
my  nail.  A poliflier  made  with  pitch  and  rofm  has  this 
advantage,  viz.  though  it  is  hard  yet  it  is  not  fo  brittle  as 
when  pitch  only  is  ufed,  and  made  hard  by  boiling  it ; and 
confequeiilly  not  fo  liable  to  break  or  chip  off  at  the  edges, 
and  thereby  fcratch  the  metal.  Pour  the  melted  pitch  and 
rofm,  wlten  pretty  cool,  upon  the  elliptical  tool,  madepre- 
vioully  warm,  fo  as  to  cover  it  every  where  when  fpread 
upon  it  with  an  iron  fpatula  about  the  thicknefs  of  a half 
crown  piece.  If  the  covering  is  too  tliin,  it  will  conti- 
nually alter  its  figure,  by  the  h«it  it  acquires  in  working 
the  iTictal  upon  it,  and  thereby  give  a bad  figure  alfo  to  the 
fpeculum  ; when  it  is  fbmewhat  cool,  lay  a piece  of  writing 
paper  upon  the  furfacc  of  tlie  pitch,  and  gently  prefs  the 
mirrour  upon  the  paper  ; inflantly  pull  the  paper  off  from 
ihe  pitch,  after  you  have  prclled  the  mirrour  upon  it,  elfc 

T it 


,58  MISCELLANEOUS  ARTICLES. 

it  might  adhere  to  the  pitch,  and  you  will  find  the  poliHier 
will  be  neatly  hgi’n-d  to  the  lorm  of  the  fpeculum.  If  it 
has  not  taken  an  cxaA  figure  every  where,  which  would 
appear  by  the  fine  marks  of  the  paper  upon  the  pitch,  gent- 
ly warm  the  furface  of  the  pitch,  and  repeat  the  operation 
as  before,  till  you  have  formed  it  of  the  exa6l  figure  of  the 
metal. 

With  a penknife  now  take  away  all  the  fuperfluous  pitch 
from  the  edge  of  the  polifhtr ; and  with  a convenient  piece 
of  wood  form  the  hole  in  the  middle,  accurately  round.  In 
In  other  words,  let  the  pitchy  furface  be  every  where  of 
the  exact  fize  and  fliape  as  the  lead  tool  wdiich  is  under 
it. 


It  may  be  necefTary  to  mention  that  the  hole  in  the 
middle  of  the  poliflier  fhould  go  quite  through  the  tool, 
and  fhould  be  made  of  the  fame  fize,  or  fomewhat  lefs  than 
the  hole  in  the  middle  of  the  fpeculum.  This  is  a necef- 
fary  caution  ; and  indeed  it  has  always  been  found  that 
fmall  mirrours  without  any  hole  in  the  middle  will  polifli 
much  better,  and  the  figure  will  be  more  corredl,  if  the 
poliflier  has  a hole  in  the  middle  of  it.  The  powder  to 
which  the  preference  is  given,  to  give  a moft  exquifite 
luftre,  is  colcothar  of  vitriol,  and  not  putty.  Putty  gives 
metals  a white  luftre,  or,  as  the  workmen  call  it,  a filver 
hue but  good  colcothar  of  vitriol  w'ill  jxdifti  with  a very 
fine  and  high  black  luftrCj  fo  as  to  give  the  metal  polifticd 
\vith  it  the  complexion  of  polifticd  fteel.  To  know  if  the 
colcothar  js  good,  put  fome  of  it  in  your  mouth,  and  if  you 
find  it  djlfolved  away  it  iS  good;  but  if  you  find  it  hardancf 
cranch  between  your  teeth  it  is  bad  ; good  colcothar  of  vi- 
Iripl  i§  of  a deep  red  or  deep  purple  colour,  and  is  loft  ancf 
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oily  wl-.en  rubbed  between  the  fingers:  bad  colcotluir  is 
ot  a lic-ht  red  colour  and  feels  harlh  and  gtitty.  The  col- 
cothar  ot  vitriol  ihould  be  levigatcil  between  two  luriaces  ot 
})olithed  Heel,  and  wrought  with  a little  water;  when  it  is 
worked  dry,  you  may  add  a little  more  water  to  carry  it 
dowm  to  what  degree  you  pleafe.  When  the  colcothar  has 
been  wrought  dry  3 or  4 times  it  will  acquire  a black  co- 
lour ; and  w ill  be  low  enough,  or  liifficiently  fine,  to  give 
an  exquilite  luftre  : this  levigated  colcothar  of  vitriol  put  in 
a fmall  phial,  and  pour  ibme  water  upon  it,  and  atterw'ards 
life  it  for  polifhing  the  metals  in  the  fame  manner  that 
xVaOied  putty  is  diredted  to  be  made  ufe  of  for  that  purpofe 
in  the  former  part  of  this  treat  ifc.  Put  on  a large  quantity 
of  waflied  colcothar  of  vitriol  at  once,  fo  as  to  laturate  the 
pitch,  and  form  a fine  ooating  of  the  colcothar,  and  you 
will  very  rarely  need  to  make  ufe  of  a fecond  application. 
If  a fccond  or  third  application  of  colcothar  fliould  be  found 
necclfary  to  bring  the  metal  to  a fine  luftre,  or  to  take  out 
any  fcratches  upon  its  face,  ufe  it  very  fparingly,  or  you 
will  deftrov  the  polifh  you  have  already  attained.  When 
the  metal  is  nearly  poliflied,  it  will  alw'ays  generate  fome 
black  mud  upon  the  furface  of  the  mirror,  and  alfo  upon 
the  tool.  Wipe  it  now  away  from  the  face  of  the  metal 
with  fome  very  foft  wafh  leather ; though  if  too  much  of 
the  mud  be  taken  aw'ay,  it  will  not  polilli  fo  w^ell ; indeed 
a little  experience  in  thefe  matters  will  better  fufficc  than  a 
volume  written  upon  the  fubjecl. 

In  regard  to  the  parabolic  figure  to  be  given  to  the  metal, 
no  particular  caution  is  required  in  the  polifhing;  the  ellip- 
tic tool  will  always  caufe  the  fpeculum  to  work  into  an  ac- 
curate parabolic  figure,  fuppofing  the  tranfvcife  and  conju 
gate  diameters  bear  the  true  proportion  to  each  other,  and 
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the  metal  is  riot  too  thick  to  prevent  it  always  from  adher- 
ing firmly,  and  uniformly  to  the  polifiicr.  Should  the 
pitch  prove  too  foft  it  Will  give  way,  and  alter  the  figure  a 
little.  This  circumftance  will  render  the  figure  of  the 
mirror  fometimes  a fmall  degree  ftrort  of  the  parabola,  and 
fometiines  a very  little  beyond  it,  but  by  a little  perfeverance 
the  correil  figure  is  cafily  acquired. 

To  convince  any  one  of  the  certainty  of  my  affertions  ; 
let  him  polifh  a metal  2 i inches  diameter,  and  9 i inches 
focus  upon  an  elliptical  tool  whofc  diameters  are  2 i and 
3 inches,  and  I can  aflert  he  will  always  find  the  metal 
when  polifhed  (if  it  is  not  too  thick)  beyond  the  Parabola, 
or  it  will  prove  hyperbolical.  If  he  polilhes  it  upon  a cir- 
cular tool  in  the  common  way  with  crofs  (Irokes  in  every 
diredion  poflible,  ufing  firft  a few  round  ftrokes,  every 
lime  he  changes  his  pofition,  he  will  find  it  always  prove 
fpherical  and  confequently  fliort  of  the  panabola.  A very 
little  experience  in  thefe  matters  will  convince  any  one  of 
the  eafe  and  certainty  of  giving  the  great  fpeculum  a para- 
bolic figure  by  polifhing  it  in  a common  manner  with  crofs 
llrokes  in  every  diredion  polfible,  upon  an  elliptical  tool  of 
the  proper  dimenfions,  in  which  (for  common  foci  and 
apertures,  viz.  2 i to  9 i focus,  or  3.8  inches  diameter,  to 
18  inches  focus)  the  diameters  fliould  be  10  to  9.  The 
fhortefl;  diameter  of  the  ellipfe  being  exadly  the  fame,  as 
the  diameter  of  the  metal,  and  the  longefi:  diameter  of  the 
dlipfc  to  the  Ihorteft  diameter  as  10  to  9. 


Magmtijm. 
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Mdgnctlfm. 

Thoiigli  the  phenomena  of  (lie  magnet  have,  for  many 
ages,  engaged  the  attention  of  natural  philofophers,  not  only 
bv  their  lingularity  and  importance,  but  alfo  by  the  obfeu- 
rit)  in  which  tliey  arc  involved  ; yet  very  few  additions  have 
been  made  to  the  difeoveries  of  the  firlt  enquirers  upon  the 
fubjebl:.  1'he  powers  of  genius  which  have  been  hitherto 
employed  in  prolecuting  this  fubjecfl,  have  not  been  able  to 
frame  an  hypothefis,  that  will  account,  in  an  cafy  and  fatis- 
faclory  maniicr,  for  all  the  various  properties  of  the  magnet, 
or  point  out  the  links  of  the  chain  which  council;  it  with 
the  other  phxnomena  of  the  univerfe.  Though  it  is  cer- 
tain that  both  natural  and  artificial  electricity  cvill  give 
polarity  to  needles,  and  even  reverfc;  from  whence  it  would 
appear,  that  there  is  a confiderable  affinity  between  the 
elcclric  and  magnetic  fluid,  but  how  it  acts  when  produc- 
ing magnetifm,  is  entirely  unknowm. 

It  is  known  by  the  works  of  Pkito  and  Anjhtlc,  that  tlic 
antients  were  acquainted  with  the  attrailive  and  repulfive 
powers  of  the  magnet  \ but  it  does  not  appear,  that  they 
knew  of  its  pointing  to  the  pole,  or  the  ufe  of  the  compals. 
As  they  were  not  acquainted  with  the  true  method  ot  phi- 
lofophiling,  and  contented  thcmfelves  wuh  obfervation 
alone,  their  knowledge  of  nature  was  confined  within  very 
narrow  limits,  and  did  not  afford  any  confiderable  advan- 
tage to  focicty.  Modern  philofophers,  by  combining  ex- 
periment with  obfervation,  foon  extended  the  boundaries 
of  fciencc;  and  difeovered  the  polarity  of  the  loadllonc,  a 
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property  vvliich  in  a manner  conflitutes  the  bafis  of  naviga- 
tlon>  and  gives  being  to  commerce. 

The  loadflonc,  leading  (lone,  or  natural  magnet,  is  an 
iroa  ore,  of  all  forms  and  fizes,  and  of  various  colours.  It 
is  endowed  with  the  property  of  attradling  iron ; and  of 
both  pointing  itfelf,  and  alfo  enabling  a needle,  touched 
upon  it,  and  duly  poifed,  to  point  towards  the  poles  of  the 
world. 


Twi?  Methods  of  communicating  the  Powers  or  Properties  of  the 
Mamet  to  Iron  and  Steel. 

o 

TO  give  a detail  of  the  various  procefTes  which  have 
been  fuggefted,  for  the  toliching  or  communicating  the 
properties  of  the  magnet  to  iron  or  fleel,  would  alone  fill  a 
volume  ; I fhall  therefore  only  give  on  account  of  two  ge- 
neral aixl  good  methods  which  I prelume  will  be  found 
adequate  to  every  common  purpofe. 

I.  Place  two  magnetic  bars  A B,  (Plate  IV.  Fig.  6.)  in 
a line,  with  the  north,  or  marked  end  of  one»  oppofed  to 
the  fouth,  or  unmarked  end  of  the  other,  but  at  fuch  a dif- 
tance  from  each  other,  that  the  magnet  to  be  touched  may 
reft  with  its  marked  end  on  the  unmarked  end  of  A,  and  its 
unmarked  end  on  the  marked  end  of  B,  then  apply  the 
north  end  of  the  magnet  D,  and  the  fouth  end  of  E to  the 
middle  of  the  bar  C,  the  oppofite  ends  being  elevated  as  in 
the  figure ; draw  D and  E afunder  along  the  bar  C,  one 
towards  A,  the  other  towards  B,  preferving  the  fame  ele- 
vation, remove  D and  C a foot  or  two  from  the  bar  when* 
they  are  off  the  ends,  then  bring  the  north  and  fouth  poles 
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of  tlicfc  magnets  together,  and  apply  them  again  to  the 
middle  ot  the  bar  C as  beture  ; repeat  tlie  lame  proccl's  live 
or  I'lx  times,  then  tnrn  the  bar,  and  toncli  the  oppofitc  fiir- 
facc  in  the  fume  manner,  and  afterwards  tlie  two  remaining 
fur  laces,  aiui  by  this  means  the  bar  will  acquire  a ftrong 
fixed  magnetifm. 

2.  Place  the  two  bars  which  arc  to  be  touched  parallel  to 
each  other,  and  then  unite  the  ends  by  two  pieces  of  foft 
iron  called  fupporters,  in  order  to  preferve,  during  the  ope- 
ration, the  circulation  of  the  magnetic  matter  ; the  bars  are 
to  be  placed  fo  that  the  marked  end  D,  (Fig.  7,)  may  be 
oppofite  the  unmarked  end  B,  then  place  the  two  attrafting 
poles  G and  I on  ttie  middle  of  one  of  the  bars  to  be  touch- 
ed, railing  the  ends  fo  that  the  bars  may  form  an  obtufe 
angle  of  ico  or  120  degrees  ; the  ends  G and  I of  the 
bars  are  to  be  feparated  two  or  three  tenths  of  an  inch  from 
each  other.  Keeping  the  bars  in  this  polltion,  move  them 
llowly  over  the  bar  A B,  from  one  end  to  the  other,  going 
Irom  end  to  end  about  fifteen  times.  Having  done  this, 
change  the  poles  of  the  bars,  that  is  the  marked  end  of  one 
is  always  to  be  againfl  the  unmarked  e-nd  of  the  other,  and 
repeat  the  fame  operation  on  the  bar  C D,  and  then  on  the 
oppofitc  faces  or  the  bars  ; the  touch,  thus  communicated, 
may  be  farther  increafed,  by  rubbing  the  dilferent  faces 
of  tlie  bars  with  fets  of  magnetic  bars  difpofed  as  in 
Fig.  8. 

It  feems,  that  in  order  to  render  ftcel  magnctical,  wc 
mud  fo  difpofe  the  pores,  that  they  may  form  contiguous 
tubes  parallel  to  each  other,  capable  of  receiving  the  mag- 
netic fluid,  and  then  propagating  and  perpetu.iting  its  mo- 
tion, fo  that  the  magnetic  dream  may  enter  with  cafe,  and 
* be 
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be  made  to  circulate  ihroiigli  it  with  the  greatell  force : 
to  this  ciui,  it  is  nccelfary  to  be  particularly  attentive  in  the 
choice  of  the  ftecl  wl'.ich  is  to  be  touclicd  i the  grain  fhould 
be  equal,  frnall,  homogeneous,  and  without  knots,  tliat  it 
niav  piefcnt  a number  ofecpial  and  uninterrupted  channels 
to  the  fluid,  from  one  end  to  the  other : this  is  more  im- 
mediately important  in  the  choice  of  the  fteel  for  the 
needles  of  fea  compalles,  lor  if  the  fteel  is  impure,  or  the 
mode  of  touching  improper,  the  needle  may  have  different 
poles  communicated  to  it,  which  will  more  or  Itfs  impede 
the  atftion  of  lire  principal  needle  according  to  their  ftrength 
and  fuuation. 

'Ehe  fteel  fliould  be  well  tempered,  that  the  pores  may 
preferve  a long  time  the  difpolition  they  have  received,  and 
aiu!  belter  reflft  thofe  changes  in  their  dircclion,  to  which 
iron  and  foft  fteel  arc  liable.  The  difference  in  the  nature 
nf-fteel  is  exceeding  great,  and  is  calily  proved  by  touch- 
ing in  the  lame  manner,  and  with  the  fame  bars,  two 
pieces  of  fteel  of  equal  lize  but  of  different  kind. 

Steel  that  is  hardened,  receives  a more  pcrfcdl.magnetifm 
than  i'oft  fteel,  though  it  does  not  appear  that  they  differ 
f rom  each  other  in  any  thing  but  the  arrangement  of  the 
parts  ; perhaps  the  foft  fteel  contains  phlogifton  in  its 
hirgeft  pores,  while  hardened  ftecl  contains  it  in  the  fmaller. 
Iron,  or  fteel,  have  very  little  air  incorporated  in  their 
pores;  when  they  are  feparated  from  the  ore,  they  are 
expoled  to  a mpft  intenfe  degree  of  heat,  and  moft  of  the 
changes  to  which  they  are  afterwards  fubmilted,  are  effected 
in  a red  hot  ftate.  A piece  fpring-tempered  fteel  will  not 
retain  as  much  magnctil'm  as  hard  fteel,  foft  fteel  ftill  lei's, 
and  iron  fcarce  retains  any.  From  fomc  experiments  of 
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Mr.  Miifchenbrock,  It  appc.irs,  ilial  wlien  iron  is  united 
Avith  an  acid,  it  will  not  become  magnctical  ; but  if  the 
acid  is  Icparatcd,  and  the  phlogilton  rellored,  it  will  become 
as  magnctical  as  ever. 

The  dimcnfions  and  fliapc  of  a magnet  will  make  a dif- 
ference in  its  force,  therefore  the  bars  to  be  touched, 
fhould  neither  be  too  long  nor  too  lliort,  but  in  proportion 
to  the  thicknefs  ; if  they  are  too  long,  the  palfage  of  the 
magnetic  matter  coming  out  of  one  pole,  and  proceeding 
round  the  magnet  to  enter  the  other,  will  be  impeded,  and 
its  velocity  lelfcned.  If  they  arc  too  Oiort,  the  fluid  which 
comes  out  from  one  pole,  will  be  repelled  and  thrown  back 
by  the  other  acting  parts  of  the  magnet,  and  thus  be  car- 
ried too  far  from  the  pole  into  which  it  ought  to  enter, 
and  prevent  the  continued  circulation  of  the  magnetic  mat- 
ter. If  they  are  too  thin,  then  the  number  of  pores  arc  too 
few  to  receive  a Rream  fufficiently  llrong  to  refill  the  ob- 
Raclcs  in  the  external  fpacc  ; while,  if  they  are  too  thick, 
the  Ilrait  and  regular  direclion  of  the  channel  is  injured  by 
the  dilEculty  which  fakes  place  in  the  arrangement  of  the 
interior  channels,  as  the  magnetic  matter  has  not  lufficienr 
force  to  penetrate  the  Heel  to  any  confiderable  depth,  and 
thus  injures  the  circulation  of  the  fluid. 

All  the  pieces  fhould  be  well  poliflied ; it  is  of  the  greatefl 
importance  that  the  ends  fhould  be  flat  and  true,  fo  as  to 
touch  in  as  many  points  as  is  poflible,  the  ends  of  foft  iron 
which  keep  up  the  circulation.  Inequalities  on  tlve  faces, 
but  principally  near  the  poles,  are  to  be  avoided,  as  thefe 
oc».alion  irregularities  in  the  circulation,  and  thus  dirninifh 
,its  velocity,  wliich  is  one  of  the  principal  fources  of  mag- 
netic power. 

'T 
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While  the  bars  are  touching,  the  ends  of  foft  iron  !hould 
be  kept  in  conftant  contad  with  the  bars,  for  a monu-ntary 
leparation  is  fiifficient  to  defiroy  the  efifed  of  the  operation, 
as  ilie  fluid  will  be  inftantly  difperfed  in  the  air. 

The  operator  ought  not  to  Rop  longer  on  the  fiiR  bar 
tlian  is  ncceffary  to  open  tlie  pores,  and  to  arrange  them 
magnetically,  palling  immediately  to  the  other,  to  form  an 
opening  for  the  fiuid  which  ifliies  from  the  fiiR. 

It  is  moR  advantageous  to  turn  the  bar  that  is  quitted, 
while  the  touching  magnets  are  placed  on  the  other ; by 
this  means  the  Rream  that  is  to  be  excited  will  difpofe  the 
channels  of  the  firR,  and  thus  render  the  operation  more 
efficacious  ; befides,  by  only  turning  one  bar  at  a time,  the 
touching  bars  need  never  be  totally  removed  during  the 
whole  operation,  a circumRance  which  will  contribute  to 
the  Rrength  of  the  magnet. 

The  touching  bars  fliould  never  be  feparated  but  at  the 
equator  of  the  magnet ; and  their  motion  over  the  others, 
fliould  be  flow  and  regular. 

The  magnetic  potvers  of  touching  needles  has  been  in- 
creafed  by  leaving  them  for  fome  time  in  linfeed  oil. 

It  mav  contribute  to  the  effefls  of  the  operation  if  the 
bars  A and  B,  fig.  6,  are  placed  in  the  dire£lion  of  the  mag- 
netic meridian,  and  are  inclined  to  the  horizon  in  an  angle 
equal  to  the  dip  of  the  needle. 

The  fixed  power,  thus  communicated  to  a magnet,  is 
impaired  if  it  is  laid  am.ongR  iron,  or  by  ruft ; it  may  be  in- 
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jiia-cl  a!io  by  fire,  a';  each  ofthefe  circumHanccs  will  change, 
or  conlufc  the  hi  re  cl  ion  01  llic  ivia^nciic  (Ircain. 


l^hicea  fmall  magnetic  needle  on  the  point  of  one  of  the 
fmall  ilands,  and  put  it  between  two  magnetic  bars,  fo  that 
the  noith  end  of  the  bar  may  be  near  the  fontli  end  of  the 
needle;  the  final!  needle  will,  without  any  apparent  caufc, 
be  tin-own  into  a violent  vibratory  motion,  and  feem  as  it 
were  animated,  till  it  is  faturated  w'iili  magnetifm,  wlien  it 
will  become  quielcent.  The  vibratory  motion  is  probably 
occafioneti  bv  tlie  irregularity  of  the  impredions  it  receives 
from  the  magnetic  iluid,  and  the  dilltculty  that  fluids  find 
in  entering  the  needle. 


All  cauurs  that  are  capable  of  making  the  magnetic  fluid 
ntovc  m a flrcam,  w ill  produce  magnetilm  in  thole  bodies 
w iiilh  are  properly  quaiihed  to  receive  it. 


If  bars  of  rron  are  heated,  and  then  cooled  equally,  in  va- 


rious directions,  as  parallel,  perpendicular,  or  inclined  to 
the  dipping  needle,  the  polarity  will  be  fixed  according  to 
their  pofition,  flrongefl  when  they  are  parallel  to  the  clip- 
ping needle,  and  fo  lels  by  degrees,  till  they  arc  perpendi- 
cular to  it,  when  they  will  have  no  fixed  polarity;  but  if 
tipon  cooling  a bar  of  iron  in.  water,  the  undci  end  is  con- 
fidcrably  hotter  than  the  upper,  and  the  upper  end  is  cooled 
firfl,  it  will  fomclimes  become  llie  north  pole,  but  not  al- 


Wavs.  II  iron,  or  fleel,  undergo  a violent  attraction  in  any 
cue  parli'"ular  part,  ibicy  v.  ill  aeiiuiic  a polarity;  n the  iion 
is  iofi,  the  magnetiim  remains  very  little  longer  than  while 
the  licat  continues.  L:  htcnmg  is  the  flrongefl  powei  yet 


Jenoun  in  producing  a dream  ol  mignetilm;  it  will  in  an 
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indantj 
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iniUnt,  render  hardened  fteel  ftrongly  magnctlcal,  and  ijivcrt 
the  poles  of  a magnetic  needle. 

To  make  a magnet  ical  bar  with  feveral  poles,  place  mag- 
nets at  thofe  parts  where  the  poles  are  intLndcd  to  be,  the 
poles  to  be  of  a contrary  name  to  thofe  required,  and  if  a 
Ibiith  pole  is  fixed  on  one  part,  the  two  next  places  mull 
have  north  poles  fet  againfl  them ; confider  each  piece  be- 
tween the  ftipporters  as  a feparate  magnet,  and  touch  it 
accordingly. 


To  produce  Fire  from  tzvo  aid  Liquors.  . 


M I X together  2 drachms  of  oil  of  cloves,  and  2^ 
drachms  of  the  fpirit  of  nitre,  made  with  oil  of  vitriol. 
Let  the  mixture  be  made  by  pouring  the  acid  at  once  upon 
the  effential  oil,  and  they  infiantly  take  fire. 

This  is  an  experiment  very  furprifing;  and  very  often 
fpoken  of;  but  fometimes  attempted  without  fuccefs.  He 
who  buys  his  ingredients  at  the  next  Chemifi’s  may  eafily 
be  difappointed  , for  one  of  them  may  be  adtilterated  ; ami 
the  other  made  by  a wrong  procefs.  Though  the  fpirit  of 
nitre  made  with  the  oil  of  vitriol,  will  take  this  efFe£t ; 
neither  oil  of  vitriol  itfelf,  noi'  fpirit  of  nitre  made  in  the 
old  way  will  do  it ; nay,  the  very  fpirit  made  with  the 
vitiiolic  acid,  is,  for  certain  reafons,  fometimes  diflilled 
from  fuch  proportions  that  it  will  not  anfvvcr.  The  pro- 
cefs is  eafy ; and  he  wLo  w'onld  perform  the  experiment  to 
his  fatisfadfion,  wmuld  do  well  to  draw  the  acid  offhimfelf. 
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in  n p'lrticular  proportion;  it  it  he  nitidc  nccoicliiig  to  the 
follovsin"  dirctiVior.s  it  will  never  te.il. 

O 

Lay  a quantity  of  puritied  nitre  feme  time  in  a warm 
place,  that  it  may  be  pcrtcClly  dried;  [Hiund  it  to  a grots 
powder  ; and  put  it  in  the  fame  place  again  to  be  dried 
more  perfeclly  ; then  put  into  a glafs  retort  a pound  and 
one  ounce  of  this  fait  ; and  a pound  and  two  ounces  of 
good  oil  of  vitriol  ; lute  on  a receiver  and  fet  the  retort  in 
a land  furnace  ; make  but  a gentle  fire  and  raife  it  only 
gradually  ; never  let  it  be  higher  than  is  juft  fuflicient  for 
dn\ing  over  the  fpirit.  The  diftillation  being  fmilhed, 
keep  this  fpirit  carefully  flopped. 

This  will  never  fail  of  firing  the  oil  of  cloves  ; nor  is 
that  expcnfive  oil  nccelfaryLor  the  experiment  ; for  it  ‘will, 
when  thus  made,  fire  alnioft  any  of  the  vegetable  or  ani- 
mal oils. 


To  make  Alum  PJ.'ofjAoyus^ 

REDUCE  to  a fine  powder  half  a pound  of  coininon 
alum  ; mix  it  with  two  ounces  of  dry  wheat  flour  ; grind 
thefe  together,  and  put  the  powder  into  an  iron  di(h,  or 
ladle  ; fet  it  over  the  fire,  and  it  will  melt.  Keep  ftirring 
it  about  till  it  concrete  into  a dry  mafs  again.  Then  re- 
duce it  a fecond  time  to  powder  ; put  this  into  the  ladle, 
and  burn  it  again  tdl  it  he  of  a dark  brown  colour,  nearly 
black.  Remove  tliis  from  the  fire,  and  put  the  powder  into 
a tall  phial  ; fet  this  upon  a little  fand  in  a crucible,  and 
pour  far.d  about  it  , then  fet  it  on  a naked  fire,  and  make 
the  bottom  of  the  crucible  red  hot : keej'  the  fire  at  this 

degree 
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decree  for  twenty  minutes.  After  this  flop  the  phial  tvith 
a cork,  and  then  remove  the  crucible  from  the  fiie.  Let  all 
cool : then  take  the  phial  out  of  the  land,  and  put  it  up  in 
a dark  place.  This  is  the  alum  phofphorus;  or,  as  fomc 
call  it,  the  black  phofphorus.  At  any  time,  if  a little  of 
this  powder  be  poured  out  of  the  bottle,  it  takes  fire  of  itfclf» 
and  burns  away  to  a coal,  or  cinder.  The  bcfl  method  of 
fhewing  its  effedl,  is  by  pouring  it  out  upon  a piece  of  coarfe 
paper,  which  has  been  hung  up  in  a damp  place. 


The  Phofphorus  of  Urine. 

THIS  is  the  moft  confiderablc  of  all  the  bodies  that 
have  been  called  Phcfphori,  and  it  is  the  mofl  troublefome 
to  be  made.  Many  procefl'es  have  been  given  for  it ; but 
many  who  have  tried  them  after  the  authors,  have  failed 
of  luccefs.  Whether  *this  has  been  owing  to  their  fault' 
or  that  of  thofc  who  have  lain  down  the  inflrudlions,  is  not 
t-afy  to  fay;  however  the  followii^g  is  Icfs  difficult  than 
ntany.  It  is  very  nearly  that  by  wdiich  Eoerhaave  made 
it;  and  is  very  exadtly  the  procefs  by  which  I have  aflifled 
in  making  it. 

Boil  about  twelve  or  fourteen  gallons  of  frefit  urine  in  a 
very  large  veffel,  and  with  great  care  that  it  do  not  boi^ 
over,  till  it  be  reduced  to  a fmall  quantity,  and  have  the 
confiftcnce  of  honey  ; take  this  out  of  the  velTel,  in  which  it 
was  boiled,  and  fet  it  in  a glafs  in  a warm  room:  let  it 
(land  a long  time,  for  it  is  ncceirary  it  fhould  putrefy;  and 
tins  docs  not  come  on  fuddenly.  When  it  has  been  tho- 
roughly putrefied  put  it  into  an  iron  pot,  fuch  as  is  ufed  for 
dillilllng  fpirit  of  hartfhorn  in  large  quantities,  and  lute  on 
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^11  alombic  head  dT  cnrtlien  ware,  inch  as  are  mad',  for  thole 
pots.  Lute  on  the  head  very  firmly  ; and  fit  to  the  nole  a 
long  pipe  ; admit  this  into  a large  receiver.  When  all  is 
thus  ready  make  a fire  under  the  pot,  and  raife  it  by  degrees 
to  a great  height;  an  alkaline  ialt  is  I'ublimed,  and  after- 
wards a yellow  oil  comes  over;  the  fire  is  then  to  be  m- 
creafed,  fo  as  to  keep  the  bottom  of  the  pot  red  hot  for 
fome  time;  a thicker  oil  and  a fecond  fait  will  come 
over:  thefe,  if  there  be  ufe  for  them  may  be  preferved: 
the  remainder  is  now  prepared  lor  making  the  phof- 
phorus. 

Let  the  pot  cool,  and  take  out  the  refidiium  ; throw  it 
into  a mortar  a little  heated,  and  beat  it  to  a coarfe  powder; 
have  ready  fome  powdered  charcoal;  mix  with  this  pow- 
dered mafs  twice  its  weight  of  the  powdered  charcoal ; 
grind  them  a little  together,  and  then  put  the  mixtuie  di- 
vided into  three  or  four  portions,  into  fo  many  little  glafs 
retorts;  cover  thefe  with  a coat  of  fJ'  wdjor  loam,  caiefully 
laid  on,  to  the  thicknefs  of  one  fixth  of  an  inch.  Place 
thefe  in  a reverberatory  furnace,  and  fit  on  large  receivers 
filled  with  water,  to  fuch  a height,  that  the  necks  of  the 
retorts  may  be  buried  an  inch  and  hall  unoer  the  water. 
Make  the  fire  gradually,  but  raife  it  at  the  lafi:  to  the  moffc 
extreme  degree.  Continue  it  in  this  unremitted  violence; 
and  after  twelve  or  fourteen  hours  a bluifh  looking  matter 
will  fall  from  the  necks  of  the  retorts  in  fmall  quantities, 
and  fink  to  the  bottom  of  the  receivers.  This  is  the 
phofphorus.  The  fire  is  to  be  continued  as  long  as  any 
of  it  can  be  forced  over  ; and  then  the  vefiels  are  to  be 
removed  and  unluted* 


The 
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The  phofphorus  now  remains  in  the  bottom  of  the  re- 
ceivers in  loofe  fragments,  and  it  is  to  be  colledcd  togetlidr 
without  taking  it  out  of  the  water.  To  this  purpofc  a 
fmaU  vclfcl  is  to  be  put  into  each  receiver,  and  the  quan- 
tity of  phofphorus  it  contains  is  to  be  got  together,  and 
taken  out  covered  with  water  in  this  fmaller  veffel.  This 
vclfel  is  to  be  fet  in  a fand  heat,  and  by  degrees  the  phof- 
phorus will  melt,  as  the  water  continues  boiling.  When 
it  is  thus  reduced  to  a mafs,  it  is  to  be  put  into  a proper  vef- 
lel,  and  kept  always  under  water,  except  when  it  is  taken 
out  to  be  ufed.  The  method  here  laid  down,  though  te- 
dious, is  not  ililTicult. 


PJdofphcrus  of  Lime. 

REDUCE  to  powder  fix  ounces  of  crude  fal  ammoniac,; 
and  mix  it  with  thirteen  ounces  of  lime,  that  has  been 
Ihck’d  by  the  air,  or  has  Iain  in  the  air  till  it  has  fallen  to 
powder.  Mix  thefe  very  well  together,  and  put  them  into 
a crucible  big  enough  to  hold  twdee  the  quantity.  Melt 
them  together  in  a firong  fire,  and  as  the  matter  fwells  and 
riles  up,  flir  it  about  with  a fpatula : when  it  runs  per- 
feclly  in  every  part,  remove  it  from  the  fire,  and  pour  it 
out  into  the  bottom  of  a mortar  ; let  it  cool,  and  preferve 
it  in  a wide  mouthed  glals  well  flopped. 

At  any  time  when  a piece  of  this  is  firiick  upon  with 
a hammer,  it  takes  fire,  and  burns  as  it  breaks  under  the 
blow. 


Of 
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Of  OhjsBs  f:r  Micnjccpcs. 

THE  works  of  nature  are  the  only  (onrces  of  true  know- 
ledge, and  the  ftiuly  of  them  the  molt  noble  employment  ot 
the  mind  of  man.  Every  part  of  the  creation  demands  his 
attention,  and  proclaims  the  power  and  wifdom  of  its 
Almighty  Author.  The  fmallelt  feed,  the  minuteft  infedt 
fliews  the  fkill  of  providence  in  the  aptnefs  of  its  contrivance 
for  the  purpofes  it  is  to  ferve,  and  dilplays  an  elegance  of 
beauty  beyond  the  utmoft  ftretch  of  art. 

The  wife  in  all  ages  have  been  fenfible  of  this  truth  ; 
and,  as  far  as  they  were  able,  have  Itudied  and  enquired  into 
the  recelfes  of  nature ; but  for  want  of  proper  helps  have 
frequently  been  miftaken.  As  certain  principles  mufl;  firft 
be  learned  e’er  we  can  become  mailers  of  any  fcience,  fo  in 
the  fchool  of  nature,  we  mull  begin  with  the  mlmtice,  the 
fmallell  artd  moft  uncompounded  parts,  e’er  we  can  under- 
ftand  the  larger  and  more  confiderable. 

The  ancients,  having  only  their  naked  eyes  to  trull  to, 
w'erc  uncapable  of  any  great  difeoveries  of  this  fort : but 
wc  arc  fo  happy,  that  by  the  help  of  glalfes,  we  can  dil- 
tinguilh  and  examine  objedls  many  thoufands  of  times  lefs 
than  what  the  lharpell  eye  unalTilled  can  difeern  : In  Ihort^ 
microfeopes  furniOi  us  as  it  were  with  a new  fenfe,  unfold 
the  amazing  operations  of  nature,  and  prefent  us  with 
wonders  unthought  ol  in  former  ages. 


Who, 


U 
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Who,  a thoufand  years  ago,  would  have  Imagined  it  pof- 
fible  to  diftinguifh  myriads  of  living  creatures  in  a fingle 
drop  of  water  ? Or,  that  the  purple  tide  of  life,  and  even  the 
globules  of  the  blood,  fliould  be  feen  diftindfly  rolling 
through  veins,  and  arteries  Imaller  than  the  finefl  hair  ? 
That  thoufands  of  animalcules  fliould  be  difcovered  in  the 
• fefum  mnfculinum  of  all  creatures  r That  not  only  the  exte- 
rior form,  but  even  the  internal  flruclure  of  the  bowels, 
and  the  motion  of  the  fluids  in  z gnat  or  loufe,  fliould  be 
rendered  objc£ls  of  fight  ? Or  that  numberlefs  fpecies  of 
creatures  fliould  be  made  vifible,  though  fo  minute,  that 
fome  thoufands  of  them  are  lefs  than  a grain  of  fand  ? 

i 

Thcfe  are  noble  difcovcries  that  enlarge  the  capacity  of 
the  human  foul,  and  furnifli  a more  juft  and  fublime  idea 
than  mankind  had  before,  of  the  grandeur  and  magnificence 
of  nature;  and  the  infinite  power,  wifdoni  and  goodnefs  of 
the  Divine  Being.  • 

He  niuft  certainly  be  delighted  with  the  works  of  na- 
ture who  makes  them  his  ftudy  ; fince  every  animal,  flower, 
fruit,  or  infedl,  nay,  almoft  every  particle  of  matter  affords 
him  entertainment.  Such  a man  can  never  feel  his  time 
hang  heavy  on  his  hands,  or  be  weary  of  himfelf,  for  want 
of  knowing  how  to  employ  his  thoughts:  each  garden  or 
field  are  to  him  a cabinet  of  curiofities,  every  one  of  which 
he  longs  to  examine  fully  ; and  he  confiders  the  whole  uni- 
verfe  as  a magazine  of  wonders,  which  infinite  ages  are 
fcarce  fuflicient  to  contemplate  and  admire  enough.  In-, 
deed,  when  we  compare  the  ftruclure  of  a mite  with  that 
of  an  elephant,  the  largenefs  and  ftrength  of  one  may  ftrike 
gs  with  wonder  and  terror ; but  wc  fliall  find  ourfelves 
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quite  loft  iu  amazement,  if  wc  attentively  examine  the  fe- 
veral  minute  parts  of  the  other.  For  the  mite  has  more 
limbs  than  tlie  elephant,  each  of  which  is  furnifhed  with 
veins  and  arteries,  nerves,  mufcles,  tendons  and  bones : it 
has  eyes,  a mouth,  and  a probofeis  too  (as  well  as  the  ele- 
phant) to  take  in  its  food  ; it  has  a ftomaqh  to  digeft  it, 
and  inteftines  to  carry  off  what  is  not  retained  for  nouriflt- 
ment:  it  has  an  heart  to  propel  the  circulation  of  its  blood, 
a train  to  fupply  nerves  every  where,  and  parts  of’genera- 
tion,  as  perfect  as  the  largeft  animal.  Let  us  now  flop, 
look  back,  and  confider.  as  far  as  nnr  abilities  can  reach, 
the  exceftivc  minutenefs  of  all  thefe  parts  ; and  if  we  find 
them  fo  furprifmg  and  beyond  our  ideas,  what  fliall  wc  fay 
of  thofe  many  fpecies  of  animalcules,  to  whom  a mite  itfelf 
is  in  fize  as  it  were  an  elephant. 

All  thefe  and  numberlefs  wonders  more  the  microfeope 
can  exhibit  to  us,  I have  deferibed  this  noble  invention  in 
the  Introduction  to  ufeful  Knowledge,  and  fhall  now  point 
out  fomc  obje6ls  for  the  curious  to  examine  by  it. 

I ft.  The  filver  tree,  in  the  preparing  of  which  obferve 
the  following  directions  : diftblve  a little  filver  in  a fmall 
quantity  of  aqua-fortis;  when  this  is  done,  add  twice  the 
quantity  of  common  water  to  it,  and  the  preparation  will 
be  made.  When  you  apply  it  to  the  microfeope,  drop  a 
little  upon  a plain  glafs,  and  put  therein  a fliort  piece  of 
fmall  brals  wire,  arid  immediately  trees  will  appear  grow- 
ing, which  may  be  obferved  till  it  has  fpread  as  far  as  the 
liquid  extended. 

2d.  The  crvftallization  of  falts  arc  curious  objetTs,  and 
are  prepared  in  the  following  manner.  Dinblve  a liide 
• fal -ammoniac 
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fal-ammoniac  in  common  water,  place  it  upon  the  glafs 
as  above  direfted;  and  while  you  are  viewing  it,  hold  a 
hot  iron  near  the  glafs  in  order  to  make  it  more  expedi- 
tious in  evaporating ; which,  as  foon  as  it  takes  place, 
imitates  the  branches  of  trees,  and  difplays  fuch  beauty,  as 
will  fill  every  beholder  with  w^onder  and  admiration. 

K.  B.  Every  different  kind  of  fait  forms  a different  figure. 

■■■  gd.  A variety  of  other  curious  colle£lions  will  be  found 
highly  entertaining,  viz.  i.  The  fly.  2.  Loufe.  3.  Mites 
in  cheefe.  4*  Scales  of  tiflreB.  5.  Eds,  fcrpents,  or  little 
worm-like  animalcules  found  in  vinegar  and  parte.  6. 
Animalcules  in  feveral  infuflons.  7.  Feathers.  8.  Hain  ^ 
9.  Wings  of  flies.  10.  Flics  which  infert  fruit  and  other 
trees,  ii.  Sting  of  a bee.  12.  The  human  fkin.  13* 
Tranfverfe  cuttings  of  wood.  14.  The  beard  of  a wild 
oat.  15.  Mouldinefs.  16.  Small  feeds,  &c'. 

This  fmallclafs  of  objects  is  but  trifling  in  comparifoii 
of  the  inexhaurted  ftore  which  abounds  in  every  part  of 
the  creation,  and  there  is  not  a particle  of  matter  but 
what  affords  amufement  for  the  microfeope. 
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